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The O f f l c e  o f  U n l v e r s l t y  A f f a l r s  o f  t h e  N a t f o n a l  A e r o n a u t i c s  
ana Space A d m i n l s t r a t i o n  ( N A S A )  has s i g n e d  a g r a n t  e s t a b l i s h i n g  a 
Remote Sens fng  I n f o r m a t i o n  Sclences Research Group ( I S R G )  a t  t h e  
U n l v e r s i r y  o f  C a l l t o r n l a ,  Santa B a r b a r a  (UCSB). T h i s  document 
r e p r e s e n t s  a p r o g r e s s  r e p o r t  of work conduc ted  under  t h l s  g r a n t  
( G r a n t  # NASA NAGW-453) d u r i n g  t h e  p e r i o d  May 1, 1986 t o  January,  
1987, and p r o p o s a l  f o r  t h e  yea r  s t a r t l n g  May 1, 1987. 
I S R G  r e s e a r c h  c o n t i n u e s  t o  f o c u s  on I m p r o v i n g  t n e  type,  
q u a n t l t y ,  and q u a l i t y  of  I n f o r m a t l o n  wh lch  can be d e r l v e d  f r o m  
r e m o r e i y  sensed data.  As we move I n t o  t n e  coming y e a r  o f  o u r  
research ,  we w l l l  c o n t l n u e  t o  focus  on l n f o r m a t l o n  s c i e n c e  
r e s e a r c h  Issues. I n  p a r r i c u l a r ,  we w i i  I f o c u s  on t n e  needs o t  
t h e  remote  s e n s i n g  r e s e a r c h  and a p p l l c a t l o n  communlty wh ich  w l l  I 
be s e r v e d  by t h e  E a r t h  Observ ing  System (EOS)  and Space S t a t l o n ,  
l n c l u d l n g  a s s o c l a t e d  p o l a r  and c o - o r b l t l n g  p l a t f o r m s .  Research 
COnduCrea under t h i s  g r a n t  has been used t o  e x t e n d  ana expana 
e x l s t l n g  remote  s e n s l n g  research  a c t l v l t l e s  a t  UCSB i n  t h e  a r e a s  
o f  g e o r e t e r e n c e d  I n f o r m a t i o n  systems, machine a s s l s r e d  
l n f o r m a t l o n  e x t r a c t l o n  from Image data, a r t l f l c l a l  l n t e l l l g e n c e  
ana v e g e t a t  i on ana i y s  I s ana mode I I ng. 
As w o r l d  p o p u l a t i o n  Increases,  t h e r e  Is an e v e r  expand lng  
need f o r  systems and t e c h n l  ques capab I e o f  acqu I r i ng, 
I n t e g r a t l n g ,  and a n a l y z l n g  l n f o r m a t l o n  c o n c e r n l n g  t h e  e x t e n t ,  use  
Of,  and changes I n  t h e  ma jo r  components o f  t h e  e a r t h ' s  s u r i a c e .  
NASA Is p l a y l n g  an I m p o r t a n t  r o l e  I n  t h e  deve lopmen t  o f  systems 
e 
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such as EOS whlch have s l g n l f l c a n t  d a t a  a c q u l s l t l o n  c a p a b i l i t i e s .  
To a c h i e v e  t h e  f u l l  p o t e n t i a l  o f  such systems, however, r e q u i r e s  
t h a t  f a r s i g h t e d  fundamenta l  r e s e a r c h  be d i r e c t e d  t o w a r d s  t h e  
s c l e n t i t l c  a p p l l c a t i o n  of  t e c h n o l o g l e s  upon wn ich  assessments may 
be made o f  b o t h  t h e  c u r r e n t  and chang lng  s t a t u s  o f  t h e  components 
of t h e  b lospnere ,  hydrosphere,  I I thosphere ,  and aTmosphere. 
The program o f  research ,  documented I n  t h l s  p r o g r e s s  r e p o r t ,  
Is b e i n g  c a r r l e d  f o r w a r d  by p e r s o n n e l  o f  t h e  U n l v e r s l t y  o f  
C a l l f o r n l a ,  Santa Barbara.  T h l s  r e p o r t  documents o u r  
accompl ishments  I n  what  we c o n s i d e r  t o  be a m u l t l y e a r  e t t o r i  t o  
p r e p a r e  t o  t a k e  f u l l  advan tage  o f  t h e  system's c a p a b l l i t l e s  o f  
t h e  p l a t t o r m s  ana systems a s s o c i a t e d  w l t h  Space S p a i i o n  (e.g., 
E O S I .  Through thls work, we have  t a r g e t e d  fundamenta l  r e s e a r c h  
aimea a t  i m p r o v i n g  ou r  b a s l c  u n d e r s t a n d l n g  o f  t h e  r o l e  o f  
l n f o r m a t l o n  systems t e c h n o l o g l e s  and a r t l f i c l a l  l n t e l l l g e n c e  
t e c h n i q u e s  I n  t h e  i n t e g r a t l o n ,  m a n i p u l a t i o n  and a n a l y s i s  o f  
r e m o t e l y  sensed d a t a  f o r  g l o b a l  s c a l e  s t u d l e s .  T h l s  c o o r d f n a t e d  
r e s e a r c h  program is p o s s i b l e  a t  UCSB due t o  a u n l q u e  c o m b i n a t i o n  
of r e s e a r c h e r s  w l t h  e x p e r l e n c e  I n  a l l  t h e s e  areas. 
E f f o r t s  d u r l n g t h e  e a r i y  y e a r s  o f  t h i s  g r a n t  f o c u s e d  o n t n e  
l n t e g r a t l o n  of e x l s t l n g  r e s e a r c h  a c t l v i t l e s  a t  UCSB and t h e  
i n i T i a t i o n  ana c o n a u c t  o f  a number o f  r e s e a r c h  a c t l v l t l e s  w i t h  a 
v a r  l e t y  o f  NASA c e n t e r s .  We have  a l  so worked on background 
assessments of r e s e a r c h  and t e c h n o l o g y ,  as we1 I as b e g l n n l n g  
s t e p s  t o w a r d s  l m p l e m e n t a t l o n  o f  a P I  l o t  Land Da ta  System (PLDS) 
f o r  NASA Headquarrers.  We c o n t t n u e  to be I n v o l v e d  I n  PLDS 
4 
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deve lopmen t  e f f o r t s ,  l a r g e l y  t h r o u g h  t h e  Sc ience S t e e r i n g  Group. 
I n  a d d i t i o n ,  UCSB p e r s o n n e l  have been i n v o l v e d  w i t h :  t h e  EOS Dara 
Systems Panel ;  Space S t a t i o n  Data User  Work ing Group; Space 
0 
S t a t i o n  O p e r a t i o n s  Task Force; Sc ience and A p p l i c a r i o n s  
I n f o r m a t i o n  Systems Work ing  Group; G l o b a l  Resources I n f o r m a t i o n  
Systems; t h e  U n i t e d  N a t i o n s  Env i ronmen t  Programs G l o b a l  Resources 
0 
0 
0 
0 
I n f o r m a t i o n  Database program; and, t h e  Commit tee on Da ta  
Management and Computa t ion  (CODMAC) o f  t h e  N a t l o n a l  Academy o f  
Sc 1 ence. 
I n  a d d i t i o n ,  d u r i n g  t h i s  pas t  y e a r  we have  r e c e i v e d  f u n d s  
f rom NASA Code E l  t o  supp lement  I S R G  a c t i v i t i e s .  These f u n d s  
were proposed I n  September o f  1985 t o  c o v e r  a range  o f  t asks .  We 
have a l s o  r e c e i v e d  a m a j o r  g r a n t  f rom NASA Code E E / E I  t o  s t u d y  
p r o b l e m s  a s s o c i a t e d  w i t h  Browse i n  t h e  EOS EKA and have  s u b m i t r e d  
a p r o p o s a l  t o  Code EE t o  a s s i s t  i n  system a c q u i s i t i o n  i n t e g r a t i o n  
ana o p e r a t i o n  o f  t h e  U n i t e d  N a t i o n s  Env i ronmen t  Programs (UNEP) 
G l o b a l  Resource I n f o r m a t i o n  Database ( G R I D ) ,  N a i r o b i ,  Kenya 
F a c i  I r r y .  
The m a t e r i a l  wh ich  f o l  lows d e t a i  I s  ongo ing  work d i r e c t l y  
a i d e d  by t h i s  g r a n t .  S e v e r a l  o f  t h e  p r o j e c t s  used t h i s  f u n d i n g  
as a c a t a l y s t  t o  a i d  o t n e r  NASA o f t l c e s  i n  t h e  research ,  I n  t n e  
I n t e g r a t i o n  o f  r e m o t e l y  sensed and o t h e r  d a t a  I n t o  an i n f o r m a t i o n  
s c i e n c e s  tramework. The f o l  l ow ing  s e c t i o n s  d i s c u s s  t h e  d e r a i  I s  o f  
t h e  p r o j e c t s  d e a l  I n g  w i t h :  
* S t u d i e s  R e l a t e d  t o  ISRG/ ln fo rma t ion  Sc ience O f t r c e  
Research ; 
* A r t i t i c i a l  I n t e l l i g e n c e  and Geograph ic  I n f o r m a T i o n  
0 
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Systems, KBGIS- I f :  A Knowledge-Based Geographic 
I nformati on System; 
Requirements an d  Principals for the Implementation a n d  
Construction of Large Scale Geographic Information 
Systems; 
NASA Pilot Data System Comparison; 
BROWSE of remotely sensed data In the 1990's; 
Na 1 rob 1 Proposa I ; 
Band Ratios and Band Selection tor Multispectral Image 
Generat ion; 
A Glossary of Data System Terms; 
An Agricultural Inventory Data Base for the Region of 
the Veneto, Ita1 y; and, 
University Research Libraries Group, Geographic 
Information System for Scholars. 
These projects are discussed in some detail in the following 
sections (and In associated Appendices) In terms of both ongolng 
and proposed activities for the coming year. This Progress 
report concludes with a section outlining the budget for tnls 
coming year's activities. The appendicies which follow contain: 
material expanding upon work from varlous sections ot tne report; 
publications which have been funded ( i n  whole or part) by  this 
grant; commlttees membersh ips he1 d b y  our stat t w rtn re1 evance to 
information sciences; and, symposia and professional society 
papers are presented, related to work on this grant. 
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John E. Estes and J e f f r e y  L. Sta r  
I n  1985, UCSB ISRG proposed s tud ies  t o  d i r e c t l y  suppor t  t n e  e t t o r f s  
o f  NASA's In fo rmat ion  Systems Off ice,  Code E l .  Our proposal discussed a 
number d i s c i p l i n e  areas which continue t o  be r e l e v a n t  t o  Code E l ,  ana we 
have been i n  c l o s e  con tac t  w i t h  Code E l  s t a f f  t o  determine which o f  these 
tasK areas p rov ide  t h e  g r e a t e s t  r e t u r n  t o  NASA and t n e  In fo rma t ion  
Systems Of f ice.  I n  t h e  f o l l o w i n g  tex t ,  we descr ibe  t h e  d i f f e r e n t  t a s k  
areas ana t h e  work accompl ished i n  each area. 
The UCSB In fo rmat ion  Science Group suggests t h e  f o l  lowing t o p i c s  f o r  
spec ia l  
1. 
2. 
3. 
4. 
5. 
6 .  
and, 
7 .  
s tud ies  f o r  Code E l :  
The i n t e r a c t i o n  between the  Code E l  data p l  OTS ana t n e  
proposed EOS data system, and impacts on t h e  u n i v e r s i t y  
e a r t h  science remote sensing community; 
U n i v e r s i t y  works ta t i on  a c t l v i t i e s  and requirements as 
they r e l a t e  TO NASA Center and NASA Land and Ocean Data 
P i  lo ts ;  
U n i v e r s i t y  r o l e s  i n  t h e  p lann ing  and development o t  t n e  
OSSA Science and App l ica t ions  In fo rmat ion  System; 
The impact o f  t h e  impos i t ion  o f  un l to rm NASA daTa 
standards on u n i v e r s i t y  research; 
U n i v e r s i t y  r o l e s  i n  t h e  aevelopment o f  a G loba l  
Resources In fo rmat ion  System; 
A r t i f l c i a l  I n t e l  l i gence  and t h e  Image Understanding Process; 
A Workshop on U n i v e r s i t y  In fo rmat ion  Systems Requirements. 
A good deal of planning, research, and opera t i ona l  e f f o r t  has 
occurred tnrough t h e  P i l o t  Land, Ocean and C l ima te  Data Systems, ana 
somewhat independently, on t h e  Earth Observing Systems data system. 
e 
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Panel s ( w  I t h  f n  some cases ove r  I applng membersh Ips)  have convened on a 
number o f  occas Ions. 
However, t he re  nas been I l t t l e  examlnatlon o f  t h e  i n t e r a c t i o n s  
between p i l o t s  and t h e  EOS data system, nor  what such f n t e r a c t f o n s  may 
imp ly  t o r  t n e  academic Ear th  Sciences Community I n v o l v e d  I n  remote 
senslng research. Quest fons wl I I f n v o l  ve  hardware, software, and 
communications compatibf l l t y  Issues. L inks  t o  NASA Centers and t o  oTher 
na t fona I (p  I us state,  and I oca I 1 as we I I as f n t e r n a t l o n a l  data bases w f I I 
a l s o  De Involved. U n f v e r s l t i e s  wl I I be an impor tant  p a r t  of  t h e  user 
communlty for the EOS and P l l o t  systems. However, what a re  t h e  key 
Issues i n v o l v e d  I n  f a c f l i t a t l n g  t h e  use o f  data trom tnese systems by 
u n l v e r s f t y  s c l e n t f s t s ?  What needs t o  be accomplfshed t o  Insure  t h a t  t h i s  
Impor tant  segment o f  t h e  u n r v e r s l t y  comrnunlty can p a r t i c l p a t e  t o  t n e  
f u l l e s t  e x t e n t  I n  t h e  research o p p o r t u n f t i e s  a f fo rded  by these systems? 
NASA, through Code El ,  l n fo rma t lon  Systems O f f l c e  (ISO) has conducted 
s t u d l e s  ove r  the pas t  decade whlch have lead t o  t h e  e s t a b l  lshment o f  a 
number of p f l o t  data systems. These p l l o t  data systems a r e  o r i e n t e d  
towards t h e  science d r l v e n  da ta / ln fo rmat lon  needs o f  users I n  de f ined 
d l s c l p l  lnes under t h e  NASA research umbrel la. To date, p l  IOT  systems have 
been undertaken I n  t h e  p lanetary ,  c l fmate,  oceans and land sctences areas. 
The goal  of these systems Is t o  p r o v i d e  a v a r l e t y  o f  types ot  
suppor t  for  NASA and NASA r e l a t e d  researchers. T h l s  suppor t  I nc ludes  t h e  
maintenance o f  d f r e c t o r l e s  and catalogues, t h e  f o r m a t t i n g  and 
preprocessing of da ta  and t h e  f a c l l l t a t l o n  of communfcatlons between 
d l s c f p l  i ne  s c l e n t i s t s  conducting NASA research. 
NASA Is a lso  p l a n n f n g  for  Ear th  Observing Sa te l  I I t e  System (EOSI. 
3 
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EOS is designed t o  a i d  s c i e n t i s t s  i n  addressing t h e  m u l t l d i s c l p l i n a r y  
e a r t h  science prob I ems. The system must prov ide re1  evan t  i n fo rma t ion  Tor 
d e t a i l e d  l o c a l  studies,  as we1 I as f o r  i n v e s t i g a t i o n s  aimed a t  an 
improved unaerstanding o f  g l o b a l  dynamics. Recognizing t h e  importance o t  
such a system t o  s c i e n t i f i c  understanding, t h e  EOS Science and Miss ion  
Requirements Working Group recommended t h a t  NASA should develop t n e  Earrh 
Observing System as an in fo rmat ion  system mission. 
U n i v e r s i t y  researchers w i  I I make up an tmportant element o f  t h e  user 
community f o r  i n fo rma t ion  from both t h e  Data P i l o t s  and EOS. Yet, I n  t h e  
s t u d i e s  conauctea t o  aate, l i t t l e  a t t e n t i o n  has been tocused on e i t h e r  
t h e  s p e c i f i c  needs o r  t h e  gener ic  problems i n v o l v e d  i n  ach iev ing  optimum 
u n i v e r s i t y  p a r t i c i p a t i o n  I n  such systems. We propose t o  conduct such a 
study . 
Speci f  i c a l  Iy, we have examined t h e  opera t ion  o f  c u r r e n t  NASA p i  lo1 
systems as they p e r t a i n  t o  i n t e r a c t i o n s  w i t h  u n i v e r s i t y  researchers. 
A p r e l  iminary v e r s i o n  o f  t h i s  mater ia l  is presented i n  a f o l  lowing 
sec t i on  of t h i s  report .  The repo r t  discusses t h e  s i m i l a r i t i e s  and 
d i f f e r e n c e s  I n  t h e  va r ious  p i l o t s .  It a l s o  discusses how t h e  p l i o r s  have 
been organized I n  support  of t h e i r  d i ve rse  user communities and t h e  l e v e l  
o f  s a t i  s f a c t i o n  on t h e  p a r t  o f  both "usersn and NoperatorsN o f  t h e  p i  l o t  
systems . 
Our work i n  t h i s  area I s  contlnulng. I n  t h e  coming months and i n t o  
nex t  year we w i l l  broaden somewhat t h e  scope o f  t h i s  a c t i v i t y  t o  examine 
what tea tu res  o f  these p i l o t s  support t h e  EOS Data System Concept as 
ou t1  lned i n  t h e  Reports of t h e  €OS Data Panel. The s tudy w 1  I I a1 so look 
i n t o  how these e x i s t i n g  p i  l o t s  m i g h t  be more e t t e c t i v e l y  I i n w d  t o  t n e  
4 
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broader NASA sponsored Unl verslty Community. 
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Sclence and App l l ca t l ons  ln fo rmat lon  System 
Another area o f  Increased I n t e r e s t  i s  l a r g e  s c a l e  i n fo rma t ion  
systems. The Science and App l i ca t l ons  ln fo rmat lon  System p lann lng  e f f o r t  
I s  c u r r e n t l y  be ing conducted w i t h i n  NASA Code E. Th i s  system, as 
c u r r e n t l y  envisioned, is being planned t o  answer t h e  sc ience and 
a p p l i c a t i o n s  In fo rmat ion  systems requirements o f  NASA and NASA assoclated 
researchers working under Code E fundlng. Th is  wide ranging e f f o r t  i s  
c r i t i c a l  f o r  e f f e c t i v e  ana e f f i c f e n t  use o f  EOS and orher  advanced 
systems being developed f o r  use I n  t h e  Space S t a t i o n  t fme frame o f  t h e  
1 ~ 9 0 1 s  ana beyond. 
We proposed t o  p rov ide  a u n l v e r s l t y  perspec t ive  t o  t n e  S A l S  p lann ing  
process. We f e e l  t h i s  I s  an important area where study and i n t e r a c t l o n  
witn t n e  U n i v e r s i t y  community 1s required. Th is  has Inc luded working 
c I os8 I y w I t h  NASA Headquarters and center  personne I who a re  ac t1  ve  I y 
i n v o l  ved I n  t h e  p I anning process. Quest ions regard ing I i nks  t o  
u n l v e r s i t l e s ,  t r a n s f e r  o f  data, data a r c h i v  Ing, vat  ue added serv Ices, and 
standards a r e  a i  I o f  c r i t i c a l  concern. The r o l e  o f  e x l s t l n g  p i  101s and 
un l  v e r s i  t y  beta t e s t  s i t e s  a I so shou I d be addressed. 
SA1 S p I ann i ng be scenar io  d r  i ven? 
and system e v o l u t i o n  a r e  a l l  Important concepts t o  t h e  SAIS. As a r e s u l t  
of our e f f o r t s  i n  t h i s  area, Dr.  Estes and Dr. S ta r  a r e  beginning t a  work 
c l o s e l y  on S A l S  a c t i v l t i e s  w i t h  NASA and o the r  u n i v e r s l t y  personnel. 
Indeed, a major S A l S  worklng meeting w i  i I be he1 d t h e  week of February 9, 
1987 a t  UCSB. A t  t h i s  meeting, a cross-sect ion o f  NASA and NASA- 
sponsorea s c i e n t i s t s  w i i i  meet t o  be brought up-to-daTe on r n e  Space 
S t a t i o n  program, and t o  focus on r e f i n i n g  t h e  s t r u c t u r e  o f  an S A l S  
system. 
For examp 18, shou I d 
Expandab I I I t Y #  heterogenous networks, 
e 
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We a t  t h e  ISRG w i  I I cont lnue t o  suppor t  S A I S  a c t i v i t l e s  through 
rev iews  of p r o j e c t  p l a n s  and attendance a t  S A l S  sclence and worklng group 
meetings. I n  addl t ion,  our a c t i v l t i e s  i n  t h e  development o f  an image 
process ing t e s t  ped w 1 I I d l r e c t l  y suppor t  our work, t e s t i n g  t h e  S A l S  
concept f o r  Telesc ience use of Space S t a t i o n  p o l a r  p l a t f o r m s  I n  t h e  EOS 
era. 
Data Standards 
Data standards have been dlscussed by many NASA and o the r  tede ra l  
agencies as w e l l  as sc ience community committees for a cons ide rab le  
l eng th  o f  tlme, The lmpos i t lon  of standards imp1 i e s  t n a t  some change I n  
ope ra t i ona l  procedures w l  I I be r e q u l r e d  t o  insure  compatabl I f l y .  What 
Impact w l  I I changes I n  data s t r u c t u r e s  or headers have on uni  v e r s i t y  
research and operatfons? To some extent, t h i s  can be examlned w i t h i n  t h e  
con tex t  of changes whtch have occurred i n  Landsat data tormats. The 
problem here, however, i s  much broader and t h e  issues and impacts upon 
t h e  u n i v e r s i t y  community need t o  be addressed. 
We have been worklng w i t h  Jet Propul  s fon  Laboratory  personnel on 
data standards f o r  t h e  u n i v e r s i t y  e a r t h  sc lence community. I n  t n l s  
study, we a r e  t r y i n g  t o  determlne bo th  t h e  advantages and p o t e n t i a l  
disadvantages of es tab l sh ing  standards. The o r i e n t a t l o n  ot t n e  study 
w l l  I be t o  conslder a minlmum s e t  of standards whlch w i t  I Improve and n o t  
lmpede un i v e r s  
in fo rmat fon  i n  
The study 
t i e s '  ab1 I l t l e s  t o  emp toy NASA acqui red remote sensor 
an ef  f e c t i  ve  and e f f  l c i e n t  manner. 
has examined one proposed data tormat  tam1 iy, based on a 
data d e s c r l p t i c n  language. We have w r l t t e n  so f tware  for  bo th  t h e  IBM 
PC/AT and t h e  VAX under Unlx, t o  t e s t  t h e  e f t i c l e n c y  as we1 I as t n e  
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l o g i c a l  s t r u c t u r e  o f  t h e  proposed data standard. Th is  p a r t  of t h e  e f f o r t  
w 1 I I cont inue a t  a lower l e v e l  i n  t h e  second ha1 t o f  t h e  c u r r e n t  c o n t r a c t  
year, as t h e  standard and our  software undergo revlew. Cur ren t  p r a c t i c e s  
ana procedures to r  acqu is i t l on ,  processing, analysts ,  repor t lng ,  ana 
s t o r i n g  o f  i n fo rma t ion  w i  I I be reviewed. Areas where standards can be 
employed t o  improve t h i s  process w l l  i be discussed, i n c l u d i n g  
communicatlon between s i t e s  and t h e  development o f  geographic i n fo rma t ion  
systems. We w i I I a l  so d iscuss t h e  r o l  e of s tandard ized so f tware  
in te r faces .  Emphasis w i l l  be placed on determin ing a minimum s e t  o f  
s tandard f o r m a t t l  ng ana process1 ng procedures which w I I I prov ide  t n e  
g r e a t e s t  b e n e f i t  t o  t h e  u n i v e r s i t y  community. 
Global Resources Information Systea 
I n  recen t  years, NASA has been moving towards conduct ing g l o b a l  
s c a l e  s t u d i e s  w i t h  t ime  du ra t i ons  on t h e  order  o f  decades. Study 
documents i n  t h e  torrn of program p lans  have been deve I oped f o r  I and- 
r e l a t e d  g l o b a l  h a b i t a b i l i t y  s tud ies  and f o r  g l o b a l  b i o l o g y  studies.  I n  
add i t ion ,  t h e  Space S t a t i o n  and i t s  assoc iated sensor p l a t f o r m s  a r e  being 
j u s t i f i e d  i n  p a r t  on t h e  bas i s  of long te rm research s t u d i e s  on t o p i c s  o f  
g l o b a l  s i g n i t i c a n c e  ana concern. The Ear th  Observing System (EOSI 
Science Steer ing  Group document c l e a r l y  p o i n t s  o u t  t h e  need f o r  such 
studies.  T h i s  same document a l s o  p o i n t s  o u t  t h e  need t o  cons ider  E0.S as 
an I n f  ormat I on system. 
ISO, a t  t h e  u rg ing  of congress, has been deve lop ing  t h e  concepi  o t  a 
G loba l  Resources In fo rmat ion  System (GRIS)  f o r  t h e  pas t  seve ra l  years. 
These s tud ies  have been lead by researchers a i  t n e  J e t  P r o p u l s i o n  
Laboratories. There i s  c l e a r l y  a need f o r  such systems. That need 
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extends from the  use o f  such data as mlgh t  be conta ined I n  such a system 
I n  a pol I cy  maklng context, I n  a commerclal context ,  and i n  a research 
and development context. Wh l le  t h e  two former uses ( p o l i c y  and 
commercial) a r e  important, a case can be made t h a t  t h e  research and 
development aspects of t h e  data i n  such a system would be ex t remely  
s l g n i t i c a n t .  The ques t ion  asked then  is, who w i  I i  be t h e  r e a l  
b e n e f i c l a r l e s  of such a system? 
b e n e t i c l a r l e s  wlll be u n i v e r s i t y  researchers. As one of these, we 
propose a study o f  how u n l v e r s l t l e s  can c o n t r i b u t e  t o  t h e  
Research Act I v I t 1  8s t o r  t h e  I n format ion  Systems O f t  I c e  deve I opment of a 
G loba l  Resources In fo rmat ion  System. 
It Is c l e a r  t h a t  among t h e  t o p  
A s t rong case can be made t h a t  some o f  t h e  g r e a t e s t  b e n e f i c i a r i e s  o f  
e 
a Globa l  Resources l n f o r a a t l o n  System (GRIS)  w i l l  be found I n  t h e  
u n i v e r s i t y  research community. P o l l c y  makers and f e d e r a l  agency 
personnel w l  I I make ex tens l ve  use of these data, b u t  it w i  I I be 
u n i v e r s i t y  researchers, doing advanced work i n  a n a l y s i s  and model i lng,  
who stand t o  reap s f g n l f  i c a n t  near-term benef i t s  from t h e  g l o b a l  h a r v e s t  
of data wnich can be prov ided by such a system. As such, It Is Impor tant  
t o  understand the  r o l e s  whlch can be p layed by u n l v e r s l t i e s  I n  t h e  
development of a GRIS-type system and t o  address t h e  issue o f  u n l v e r s i t y  
p a r t i c l p a t l o n  I n  t h e  development and opera t fon  o f  G loba l  S c i e n t l f l c  
0 
As such, 
c I o s e l  y w i t h  
as we1 I as w 
I n f  ormat  I on Systems. 
UCSB personnel have v i s f t e d  and w i  I i cont inue t o  work 
personnel of t h e  UNEP/GRID program I n  Geneva, Sw I t z e r  I and, 
t h  personnel of t h e  Wor I d Bank and NASA on Support t o r  
G loba l  Sclence and A p p l i c a t i o n s  research. An outgrowth o f  t h i s  work was 
t h e  p l a c f n g  of an i n t e r n  a t  t h e  World Bank t h i s  pas+ year. Our s iudent  
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worked toward h l s  Master's Degree, and was respons lb le  f o r  opera t fng  an 
Image processing system a t  t h e  World Bank Headquarters I n  Washington, 
D.C. Our student, Mr. Paul Lefebvre, p a r t i c i p a t e d  I n  t r a i n i n g  o f  Bank 
employees as we1 I as p a r t i c i p a t i n g  d i r e c t l y  i n  t n e  development o f  
m a t e r i a l s  f o r  Bank p r o j e c t s  i n  develop lng natfons. T h l s  was p a r t  o f  an 
e f f o r t  a t  the Wor I d Bank, e v a l  uat ing t h e  U t i  I l t y  o f  remotel y sensed data, 
as we1 I as deve lop lng  some in-house exper lence w l t h  t h e  ln fo rmat lon  
systems requfrements. A t  t h e  present time, we a re  i n  t h e  process o f  
n e g o t l a t l n g  another I n t e r n  for the  World Bank. Bank personnel have 
expressed cons iderab le  I n t e r e s t  I n  t h i s .  We hope our e t t o r t s  I n  t n i s  
area a r e  successf u I . 
I n  addl t lon,  we a t  UCSB working w i t h  personnel from Code EE and t n e  
Na t lona l  Science and Technology Laboratory a t  Bay S t .  LOUIS, M iss l ss lpp l ,  
have proposed an e f f o r t  to support  The upgradlng o f  computed f a c l l i t l e s  
and t h e  UNEP/GRID f a c i l i t y  I n  Nalrobl, Kenya. The proposal f o r  t h l s  
e t t o r t  IS contalned I n  an appendlx t o  t h l s  repor t .  We remaln 1nTerested 
i n  and are  a c t l v e l y  pursu ing Improved fns tgh ts  I n t o  t h e  I n s t l t u t l o n s ,  
techniques and methods cu r ren t1  y ava I I ab I e f o r  t n e  conduct o f  I arge sca I e 
and g l o b a l  sclence. We f e e l  our a c t l v l t l e s  I n  t h l s  area are  progressfng 
we1 I. Thls  work w l l  I cont inue I n t o  t h e  coming year tnrough our proposal 
e f f o r t s .  I n  addl t lon,  we wl I I contfnue t o  examlne ways t o  Improve . 
sclence and appl i c a t i o n s  data I lnkages on t h e  i n r e r n a t l o n a l  l e v e l .  Th is  
work Is impor tant  if we are  t o  move toward t h e  goa I s I a l d  ou t  by t h e  
Ear th  Science Steer ing  Committee I n  t h e  Ear th System Sclence Report. 
ArtIf Ic ta l  Intel I igence 
Image a n a i y s l s  Is a process which Is I n i e g r a l  t o  a l  I remote sensing 
10 
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systems, Desplte advances I n  computer-asslsted image processing, t h e  
i n fo rma t lon  e x t r a c t i o n  p o t e n t i a l  i nhe ren t  I n  d i g i t a l  image processing 
lags  behind the  l e v e l  of i n fo rma t lon  e x t r a c t i o n  e x h i b i t e d  by manual image 
I n t e r p r e t a t i o n  techniques. An examination o f  t h e  processes i n v o l v e d  i n  
computer-assisted versus manual Image i n t e r p r e t a t i o n  r e v e a l s  t h a t  
computer ass is tea techniques r e l y  l a r g e l y  on a s i n g l e  element, 
s p e c i f i c a l l y  tone o r  co lo r ,  and a p r i m i t i v e  form of tex tu re ;  whereas 
manua I i n t e r p r e t a t i o n  Techniques i nco rpo ra te  much h ighe r  I eve1 inpu ts  
(e.g., c o n t e x t ) .  
Since concepts from t h e  t i e l d  of 
proven u s e f u l  i n  appl i c a t i o n s  sfmi l a r  
i n t e r p r e t a t i o n  ana a n a l y s i s  of remote 
conduct ing research for  seve ra l  years 
d i r e c t i o n s  i n  which A I  techniques can 
p o t e n t i a l  h i g h  re+urns. Much o f  t h i s  
Smitn, co- Inves t iga tor  on t h l s  grant. 
a r t i f i c i a l  I n t e l  I lgence ( A i )  have 
t o  those found i n  t h e  
y sensed images, UCSB has been 
t o  i d e n t i f y  s p e c i f i c  research 
be a p p l i e d  t o  remow sensing w i t h  
work has been d r i v e n  by Prof. T. 
Th i s  leads us t o  propose a study 
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i n  which some of t h e  fundamental research r e q u i r e d  I n  t h e  development o f  
a computer ass is ted 1 n t e r p r e t a t l o n  system i s  conducted. 
* Since t h e  data i npu ts  t o  an lmage i n t e r p r e t a t i o n  system a r e  by 
necess i ty  v a r i e d  and complex, a reasoning model must f i r s t  be 
developed t h a t  incorpora tes  t h e  va r ious  data forms and models t h e i r  
i n t e r a c t i o n s  ana p r e t e r r e d  o rde r  of occurrence. Th is  l n v o l v e s  $ne 
assemb I ance and s t r u c t u r  1 ng o f  t h e  know I edge of e x p e r t  image 
in te rpre ters ,  and t h e  to rmat ion  of  i n fo rma t ion  s t r u c h t u r e s  whlch 
a l  l o w  e f f l c l e n t  storage and access t o  t h e  v a r i e d  data forms. The 
da ta  may be d i g i t a l  (Image o r  o the r  c o l l a t e r a l  data) o r  semantic I n  
nature, and may concern e i t h e r  t h e  a p p l i c a t i o n s  area or background 
In fo rmat ion  concernlng t h e  r e g i o n  t o  be anaiysed. 
comp I ex know ledge base, a system must have some way of p r  ior  t t i z i n g  
t h e  processing Ins t ruc t i ons .  One way t o  deve lop  t h l s  p r i o r i t i z a t l o n  
i s  by conductlong a case Study of t h e  computer ass l s ted  process ing 
and anal  ys l s  of I and use/ I and cover  c I a s s i f  i c a t i o n  s tud ies,  i n  o rder  
* I n  o rder  t o  op t im ize  t h e  e f f f c l e n t  search through a l a r g e  and a 
1 1  
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t o  develop reasonable a p r i o r i  probabf I i t f e s  fo r  t h e  i n i t i a l  
program. These a pr ior i  probabl I i t i e s  cou I d then be incorporated 
i n t o  t h e  dec i s ion  model t o  i nd i ca te  t h e  p re fe r red  processing f low.  
* L i s p  i s  o f t e n  c i t e d  as t h e  language o f  choice i n  an A I  program. 
However, I n  a d i g i t a l  Image processing context, where s imp ly  an 
excess o f  inpu t /ou tpu t  I n i t i a t i o n s  can produce an increase I n  t h e  
c o s t  of runn ing  an image processlng program by an order  o f  
magnitude, L ISP may n o t  be the  most app rop r ia te  programming 
I anguage. A study Is needed t h a t  w 1 I I examine t h e  unique prob I ems 
l n v o l  ved i n  t h e  aata s t ruc tu r ing ,  da ta  i n t e r a c t l o n  ana d i g i t a l  
processing t o  determine which programming language would be op t ima l  
f o r  t h a t  aa ta  or i n s t r u c t i o n a l  module. The languages which would be 
examined for t h i s  study would I n c l u d e  Lisp, Prolog, C and For t ran.  
It Is a n t i c i p a t e d  t h a t  d i f f e r e n t  modules would be op t ima l  i y  
represented i n  d i f f e r e n t  languages. Th is  c o u l d  be f o l l o w e d  by a 
cost/benet it ana I ys1 s t o  1 ntegra te  t h e  deve I opment and o p e r a t i  ona I 
cons idera t ions  i n v o l v e d  in a computer-assisted a n a l y s i s  system I n  
o rde r  t o  r e v e a l  t h e  programming d i r e c t i o n  t o  t a s k  i n  t n e  design of 
such a system. 
ConcI usion 
I n  conclusion, we b e l  i e v e  t h a t  our work i n  t h i s  area represents  a 
p a r t i c u l a r l y  e f f i c i e n t  mechanism f o r  t h e  UCSB ISRG t o  suppor t  NASA's Code 
E!,  W l t h  +he decision on which of the farhn!c_;r! and s c ! e n t i ? i c  tasks  are 
most impor tant  remain ing w i t h  Code E l  s t a f f ,  we a re  a b l e  t o  respond t o  
changing needs and requirements a t  Headquarters on a t i m e l y  ana e t t i c i e n t  
basis. We look forward t o  t h i s  re la t i onsh ip ,  and t o  t h e  con t lnu lng  
o p p o r t u n i t y  of supp ly ing  a u n l v e r s f t y  pe rspec t l ve  t o  Code E l .  
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D r a t t  P re l im ina ry  Comparison o f  P i l o i  Data Systems 
N A S A  has funded p l l o t  data systems I n  t h e  ocean, c l ima te ,  
p I anetary  and I and sciences d i s c i  p I ines. 
designed t o  examine t h e  acqu is i t l on ,  storage, ana lys is ,  and use 
o f  remote ly  sensed data i n  t h e  d i f t e r e n t  d i s c i p l i n e s .  To daie, 
t h e r e  has been l i t t l e  e f f o r t  spent t o  examine t h e  impor tan t  
f ea tu res  of each o f  these t e s t  e f t o r t s ,  t o  compare ana c o n t r a s t  
t h e  d i f f e r e n t  approaches taken, and t o  consider  t h e  commonali t ies 
ana d i t t e r e n c e s  between them. 
The da ia  p i  I OTS a r e  
The t o l l o w i n g  chapter  i s  a p r e l i m i n a r y  a i tempr a i  j u s t  such 
a comparison. A s  p a r t  o f  our  e f f o r t s  I n  1987, we propose t o  
r e r l n e  Tn ls  document, by examining t h e  successes o f  each of t n e  
p i l o t  programs, and i d e n t i f y i n g  the  areas where a d d i t i o n a l  work 
c o u l d  be b e n e t l c i a l  t o  NASA's  new e f t o r i s  i n  t n e  i n fo rma t ion  
sc i ences . 
I t  I s  our f e e l i n g  t h a t  such work i s  c r l t l c a l  i t  we a re  t o  
use t h e  e x i s t i n g  p i l o t s  as t h e  foundation, t h e  b u i l d i n g  b locks,  
upon wnlch t h e  EOS data system I s  t o  be developed, as some have 
suggested. 
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COMPARISON OF PILOT DATA SYSTEMS 
1. Background 
e 
e 
e 
The National Aeronautics and Space Administration (NASA) has developed four infor- 
mation systems to serve as prototypes for demonstrating principles, techniques, systems, and 
capabilities for the assembling, storing, management, and dissemination of discipline-specific 
remotely sensed data sets. One of these pilot systems, the Pilot Ocean Data System (PODS) 
has been implemented by NASA as NODS, the NASA Ocean Data System. The Pilot Cli- 
mate Data System (PCDS), while also considered operational, still carries the term ‘pilot’ in 
its title. Different codes within NASA have lead responsibility for each system. To date, a 
thorough comparison of important features of the four data systems has not been made. This 
paper addresses that situation by comparing system components. Hopefully, the systems will 
benefit from this comparison by drawing on each others’ experience. 
Each data system supports major discipline areas within NASA-lands, oceans, climate, 
and planets. As stated above, NODS and PCDS are currently operational. The Pilot Land 
Data System (PLDS) and the Planetary Data System (PDS) will have preliminary versions 
operating in 1987. The objective of these pilot projects is to make the large (but widely dis- 
tributed) collections of satellite and ancillary observations of interest to NASA and NASA- 
related discipline scientists more readily accessible to researchers who may not even know 
what data are available or how to get hold of them. Future data systems such as the Science 
University of California, Santa Barbara a 
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and Applications Information System (SAIS) and the Earth Observations System (EOS) will 
integrate the pilot systems and expand upon them. 
The need for improved management of satellite and in-situ data sets has emerged from 
many related factors. The public has made enormous investments in space-related research. 
Large volumes of data accumulated represent a national treasure that cannot be replaced and 
should be preserved. Concurrently, the potential scientific value of the data means these data 
sets should be accessible to researchers. Typically, however, once the active phase of the 
research satellite mission has ended, the resources available to manage the data diminishes. 
Data is then archived in scattered locations, in non-uniform formats, with undocumented pro- 
cessing, and therefore is not adequate for use. It was in recognition of this potential loss of 
priceless data, combined with the anticipation of more data from the Earth Observing System 
on Space Station in the 199O’s, that induced NASA to promote these four pilot systems. 
The discussion begins with a brief description of each system--it’s mission, research user 
community, data sets, and test bed appiications. Foiiowing that, the basic functionai com- 
ponents of each system will be compared. This task is complicated by differences in terminol- 
ogy between systems and by diflerences in their hierarchical organizations, and by differences 
in the details in the documentation. Next, the individual functions will be covered in some- 
what greater detail (e.g., means of access, user interface, data manipulation and display, and 
other functions such as bibliographic search and on-line help). 
The primary intent of the material presented here is to gain a greater appreciation for 
the diversity of approaches in establishing the NASA data pilots and to gain an improved 
understanding of the fundamental differences and basic similarities in these systems. Further 
work will be required to address questions such as which parts of which systems are particu- 
larly well suited for a given task or function. Can standard approaches to problems evolve 
out of these systems; how can lessons learned from one system be incorporated effectively into 
others; what parts of these systems can be used to form an EOS data system; is that even 
e University of California, Santa Barbara 
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no specific science advisory panel participating in its management, the scientific community 
has interacted frequently, including two workshops held at GSFC. Mary G. Reph is the 
PCDS Project Manager. The contact address is: 
Pilot Climate Data System 
NASA Goddard Space Flight Center 
National Space Science Data Center 
Data Management Systems Facility 
Code 634 
Greenbelt, MD 20771 
a University of California, Santa Barbara 
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appropriate; and so on? 
2. Pilot Data System Descriptions 
0 
0 
Pilot Climate Data System 
The collection of climate research data has been a major focus within NASA. PCDS 
was the first NASA data system to provide on-line capability to users. It was designed and 
scoped in 1980 and began test operations in June, 1982. The newest revision, Version 3.5, 
was installed in September, 1986. Current research applications being supported include Sta- 
tistical Climatology, International Satellite Cloud Climatology Project, Global Ozone Distri- 
bution, Earth Radiation Budget Studies, Land-Surface Climatology, and Solar Flux. By the 
end of 1987, i t  is expected that PCDS will be declared operational, with a name change to the 
NASA Climate Data System ( N O S ) .  
The goal of PCDS is to develop a system for locating, obtaining, manipulating, and 
displaying climate data of interest to NASA’s research community. Specific objectives are to 
develop a technically advanced system, to obtain and incorporate the most important data 
sets, and to support a broad range of users. 
PCDS operates on a VAX 11/780 at NASA’s Goddard Space Flight Center (GSFC), 
housing both the software and NASA and non-NASA data sets. The system can be accessed 
24 hours per day, seven days a week, except during scheduled maintenance. While PCDS has 
0 
0 
0 
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NASA Ocean Data System 
The data system to serve the oceanographic community began as the Pilot Ocean Data 
System (PODS) but was declared operational as NODS. The latest major system release was 
installed in February, 1986. 
NODS was designed to give the oceanographic community access to a variety of 
remotely sensed and in situ data and functions to preview the data. 
The system is managed at the Jet Propulsion Laboratory (JPL), currently providing 
remotely sensed data sets, both on-line and off-line and also on-line in-situ data sets. NODS 
is available 24 hours a day, seven days a week, except during scheduled maintenance. 
Current recommendations from the Advisory Panel of the Satellite Ocean Data Systems Sci- 
ence Working Group emphasizes that NODS should be part of a distributed data retrieval 
system and not focus on data analysis. Panel members felt that analytical functions are 
already available and that work on incorporating them into NODS would detract from the 
primary effort of data retrieval. The Project Manager is Dr. Eni Njoku and the Project 
Scientist is Dr. Victor Zlotnicki. The contact address is: 
The NASA Ocean Data System 
Jet Propulsion Laboratory 
4800 Oak Grove Drive 
Pasadena, CA 91009 
(818) 354-5036 
FTS 792-5036 
MS 202-101 
Planetary Data System 
a 
PDS originally began as two separate tasks in 1983. The Pilot Planetary Data System 
was established to evaluate information systems and planetary science research methodolo- 
a 
gies. The other task, called the Planetary Data System, began defining the requirements of 
0 
University of California, Santa Barbara 
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an operational planetary data system. The two projects were later merged and named the 
Planetary Data System. Version 1 of the system is scheduled to begin operating in mid-FY 
87, and Version 2 by the end of F'Y 89. 
The overall goal of PDS is to serve as curator of planetary data, providing both 
increased longevity of data and knowledge of their meaning, and to improve the organization 
of and access to these data in order to facilitate scientific investigation and analysis. A more 
specific objective of PDS is to develop and implement a system, based on the recommenda- 
tions of the Committee on Data Management and Computation (CODWC),  which can pro- 
vide easy access to planetary data and to information about the data to the scientific com- 
e 
e 
e 
munity. 
e 
Project responsibility is assigned to JPL, where the high-level catalog and archives are 
maintained on a VAX ll/780. It is designed to be a distributed system with a central node 
at JPL which maintains the high level catalog and the archives on a VAX 11/780. Discipline 
e 
nodes, located at installations actively doing planetary research, maintain mature data sets 
and expert disciplinary knowledge. The discipline nodes are organized around four 
subdisciplines--geology, rings, atmosphere, and fields and particles. Mission nodes provide the 
interface between Planetary Flight Centers and PDS. A Scientific Working Group partici- 
pates in the oversight of PDS. Dr. William Kurth, a research scientist at the University of 
Iowa, has replaced Dr. Ray Arvidson as Project Scientist. Project Manager for PDS is Dr. 
Tom Renfrow at JPL. Contact address is: 
Planetary Data System 
Jet Propulsion Laboratory 
4800 Oak Grove Drive 
Pasadena, CA 91009 
(818) 3546347 
FTS 792-6347 
e 
0 
0 
Pilot Land Data System 
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Planning for a pilot data system to serve earth scientists began in 1983. Preliminary 
users requirements have been drafted. An initial operating version of PLDS, called Build 1, is 
scheduled to go on-line in July, 1987. Development will continue through 1989. The three 
test bed projects in the development phase are the International Satellite Land Surface 
Climatology Project Retroactive Analysis Project ( I S L S C P - W ) ,  the First ISLSCP Field 
Experiment (FIF'E), and the Sedimentary Basins Project (SEDBAS). A fully operational Land 
Data System is anticipated to be on-line around 1991. 
e 
PLDS was created to provide a limited scale demonstration of an information system 
that would offer scientists the ability to archive, locate, transfer, integrate, and manipulate 
data in a distributed fashion. a 
PLDS is managed at NASA's GSFC, although i t  is not yet accessible to users. Data 
storage will be distributed at existing archives such as EROS Data Center, USGS/ESDD, 
USGS/WATSTOR, and NOAA/NEDRIS. In the preliminary demonstrations of PLDS, scien- 
tists can access these archives but will not be able to query or command satellite sensors 
directly. This type of capability is being examined for the EOS time frame, however. Dr. 
Paul Smith at GSFC is Project Manager; Dr. Robert Price, also at GSFC, is Project Scientist. 
The address is: 
0 
Pilot Land Data System 
NASA Goddard Space Flight Center 
National Space Science Data Center 
Data Management Systems Facility 
Code 634 
Greenbelt, MD 20771 
(301) 286-5037 
3. Functional Components 
a 
Organizing a comparison of pilot data systems is not a clear cut task. The pilots are in 
diflerent stages of development, (see Figure l), so the level of specificity vanes. 
e Each system uses a slightly different terminology for similar functions. Some call a function a 
e University of California, Santa Barbara 
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Figure 1. Pilot Data System Development Timelines 
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component or a major subsystem, while others simply consider the same function to be an ele- 
ment of a larger component. In other words, the functional hierarchies are quite different. 
Indeed, throughout this entire area there is a real need to establish, in so far as possible, a 
glossary containing the agreed definitions of a variety of terms. Such a glossary would 
improve and facilitate communications among data system scientists and technicians, discip 
line scientists, and researchers. To allow comparison, this paper focuses on and identifies six 
typical subsystems of a data system, plus an 'all other' category for miscellaneous and admin- 
istrative functions. These subsystems or components are: 
1. User Interface 
2. Catalog and Directory 
0 
0 
0 
a 
0 
a 
0 
0 
a 
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3. Data Validation 
4. Data Retrieval 
5. Data Manipulation 
6. Data Display 
7. Other 
Each of these subsystems can in turn be broken down into subunits in a variety of ways. 
These will be discussed in more detail in the sections which follow. Table 1 summarizes these 
functional components of the four pilot data systems. Cases identified with an asterisk indi- 
cate that the system has some capability in the given function but that it is not considered a 
separate subsystem. 
Note that NODS has no subsystem for data manipulation. As mentioned above, the 
Science Working Group overseeing NODS found that at present, adequate capability in 
oceanographic data processing and analysis and wanted to see NODS focused on data 
retrieval. Also notice that there is no data acquisition subsystem listed above. In all four 
data systems, the mission planning aspects are detached from the data management func- 
tions. The focus of the pilot studies is on management of data from past and upcoming mis- 
sions, rather than on recommending missions to collect missing data. 
The details of each of these subsystems for each data system will be compared in the 
following sections. These comparisons should be taken with some caution, however. These 
are pilot systems, the details of which are still evolving. The absence of a particular capabil- 
ity or function indicates only means that, at this time, it was not found in the available docu- 
mentation. It cannot be asserted with certainty that the function has been consciously or 
unconsciously omitted by system planners. 
User Interface 
University of California, Santa Barbara 
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Table 1. Functional Components/Subsystems 
Function PLDS NODS PCDS PDS 
User * Menu/ * Access 
Interface Command Data 
Interface 
Catalog/ Catalog , Global Catalog, Inspect 
Directory Directory On-Line Inventory Data 
Data 
Catalog 
Data Input/ * * Prepare 
Validation Data 
Data Data Data Data Inspect 
Retrieval Reduction Archive Access Data 
Data Data Data Inspect 
Manipulation Reduction Manipu- Data 
Data Graphics Data Graphics Inspect 
Display Display Data 
lation 
& Product 
Generation 
Other * * * * 
* system has this capability but i t  is not as yet nor planned to be a major com- 
ponent 
PLDS = Pilot Land Data System 
NODS = NASA Ocean Data System 
PCDS = Pilot Climate Data System 
PDS = Planetary Data System 
The User Interface component generally refers to how a scientist can access the data 
system and interact with it. We will consider three aspects. First, the actual user interface-- 
how the user tells the system what to do-is described. Then the variations in the m e F s  of 
accessing the system and the user hardware requirements are compared. 
As shown in Table 2, all four pilot systems allow both menu-assisted operations for 
beginners and a command language for experienced users. PLDS further proposes allowing 
natural language queries in some future revision. Most offer an on-line Help function, and 
University of California, Santa Barbara 
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PCDS even has an on-line tutorial session. All four pilot systems allow queries by some com- 
bination of parameters such as date, location, data type, platform, sensor, and so on. How- 
ever, the details are not given to the same degree of specificity, so an adequate comparison 
cannot be made at this time. 
Table 2. User Interface Capabilities 
Capability PLDS NODS PCDS PDS 
Menu e 0 0 0 
Command e 0 0 0 
Language 
Natural ? 
Language 
On-Line HelD 0 0 0 
PLDS = Pilot Land Data System 
NODS = NASA Ocean Data System 
PCDS = Pilot Climate Data System 
PDS = Planetary Data System 
The data systems vary in their means of access (see Table 3). All four will allow use of 
a packehwitching network like TELENET. All but NODS allow direct dial-up over a 
modem, and all but PLDS use the Space Physics Analysis Network (SPAN). PLDS and PDS 
will include a local area network, and PLDS anticipates future use of satellite communica- 
tions. 
Hardware requirements are intentionally kept simple (see Table 4). Most systems only 
require the user to have any ASCII terminal or a personal computer with 
emulator/communications software and a modem. A scientific workstation is the expected 
device for PLDS. Printers, plotters, or graphics displays are optional, although, of course, the 
capability to view output displays depends on some combination of them. 
a Catalog and Directory 
University of California, Santa Barbara 
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Table 3. Methods of Access 
Method PLDS NODS PCDS PDS 
Local Area Network 0 0 
at Central Node 
Local Area Network 0 
at Satellite Node 
SPAN Network 0 0 0 
(packet switching) 
Satellite ? 
Communications 
TELENET Type Network 0 0 0 
Direct Dial/Modem 0 0 0 
PLDS = Pilot Land Data System 
NODS = NASA Ocean Data System 
PCDS = Pilot Climate Data System 
PDS = Planetary Data System 
Table 4. Required User Hardware 
DeviceType PLDS NODS PCDS PDS 
Terminal 0 0 
or P C  
Modem 0 0 
Scientific 0 
Workstation 
Printer * * 
Plotter * * 
Graphics * * 
Display 
= required hardware 
* = optional hardware 
PLDS = Pilot Land Data System 
NODS = NASA Ocean Data System 
PCDS = Pilot Climate Data System 
PDS = Planetary Data System 
Draf&1/87 
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The catalog or directory component clearly illustrates the lack of uniformity in pilot 
data systems. PLDS tentatively has separate Directory and Catalog subsystems. The Direc- 
tory will contain detailed information about the data sets, while the Catalog will have more 
general descriptions about the data collections. The Global On-Line Data Catalog in NODS 
has two levels. The top level, comparable to PLDS’ Directory, can be queried on data param- 
eters such as platform, sensor, location, and time. The lower level includes more general 
information about the data sets, similar to PLDS’ Catalog subsystem. PCDS has two 
separate subsystems like PLDS does, but calls them Inventory and Catalog. In PDS, the 
Inspect Data subsystem includes a catalog function as well as the data manipulation and 
display functions. 
Data Validation 
Only PDS has a specific component for inputting and validating data. Quality control 
checks, specified by the planetsay science commiinity; are performed. Errors are corrected 
internally, when possible, or else the data are returned to the originator. Of course, the data 
system user will not interact directly with this subsystem. However, it will be crucial to the 
long-term success of future information systems that data seta are carefully chosen and that 
their quality is validated and described in the catalog. 
Data Retrieval 
Retrieving data from the archives is a significant aspect of each pilot system. Each has 
a subsystem dedicated to data retrieval, except for PDS which includes it in a comprehensive 
Inspect Data component. Basically, all systems allow queries by mission or platform, by sen- 
sor, by date and time, by geographic location, or by data type, or some combination of logical 
‘and’ and ‘or’ operators. 
University of California, Santa Barbara 
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Data Manipulation 
The four pilot systems vary significantly in their emphasis on analytical functions (see 
Table 5). In PLDS, it is anticipated that functions for radiometric and geometric corrections 
and for image subsetting will be provided. Other functions such as statistics, modeling, image 
processing, and geographic overlay may also be available. NODS, on the other hand, will 
provide almost no analytical capabilities, but will focus instead on data base management 
aspects. PCDS is limited to customizing data sets for further processing at the user’s node or 
preparing data for the graphics subsystem using statistical functions. PDS will incorporate 
functions for statistical and mathematical analysis, sampling, and elementary image process- 
ing. The responsibility for software development in PDS is assigned to the discipline nodes. 
Table 5. Data Manipulation Capabilities 1 Capability PL:S NODS PC:S PYS 1 
Statistics 
I Data Samdine * I  
I Math Functions 0 * I  
I Modeline 0 I 
Image 0 0 
Processing 
PLDS = Pilot Land Data System 
NODS = NASA Ocean Data System 
PCDS = Pilot Climate Data System 
PDS = Planetary Data System 
0 
0 
0 
0 
0 
Data Display 
The final output of the data systems is their real objective. All four systems identify 
this as an essential aspect by making a separate subsystem (although PDS includes other ele- 
ments within its Inspect Data subsystem). As shown in Table 6, the displays include tabular 
and textual data, graphics, imagery, and in NODS, bibliographic abstracts. Naturally, the 
University of California, Santa Barbara 
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capabilities are dependent on the user's hardware, although custom products or tapes can be 
produced at  the central node and shipped to the user. Some graphic products may necessarily 
be performed at the central node because of the transmission times. For instance, it would 
take 45 minutes to transmit a 512 x 512 pkel image with 8-bit pixels over a 1200 baud line 
(Jet Propulsion Laboratory, 1986). 
Table 6. Display/Graphics Capabilities 
Capability PLDS NODS PCDS PDS 
Text e 0 0 0 
Abstracts 0 
2D Graphics 0 0 0 0 
3D Graphics 0 0 
Imagery e 0 0 
Browse e 0 0 0 
e 
PLDS = Pilot Land Data System 
NODS = NASA Ocean Data System 
PCDS = Pilot Climate Data System 
PDS = Planetary Data System 
Browsing capability is proposed for all four data systems. NODS will have Browse func- 
0 
0 
0 
tions both for looking at examples in the Catalog subsystem and at  data in the Archive sub- 
system. In PCDS, Browse refers to  scanning detailed catalog descriptions. PDS will utilize 
optical videodisks for electronic Browse of planetary images stored a t  regional facilities. 
The role of a Browse function is unresolved and may well be different for each data sys- 
tem because of the type of data and because of differences in user requirements. The tradeoff 
between storage of large numbers of preprocessed images and the time time of processing only 
on request need to be examined. Related to this issue is determining what types of browsable 
imagery the scientific community wants, realizing there are a vast number of possibilities. 
These issues are being addressed in a current research study a t  the Remote Sensing Research 
Unit of the Department of Geography, University of California, Santa Barbara. 
University of California, Santa Barbara e 
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Other Functions 
a 
This section describes the capabilities of the pilot data systems in several miscellaneous 
areas, including bibliographies, electronic mail, and administrative details (see Table 7). 
Table 7. Other Functions 
Function PLDS NODS PCDS PDS 
Bibliography * Biblic- * 
Electronic * * 
Mail 
Adminis- * * * Order Data, 
tration Distribute 
Data, 
Administer 
Data 
WPhY 
e 
a 
a 
* system has this capability but i t  is not as yet or planned to be a major com- 
ponent 
e 
PLDS = Pilot Land Data System 
NODS = NASA Ocean Data System 
PCDS = Pilot Climate Data System 
PDS = Planetary Data System 
e 
PLDS and PDS will have some bibliographic data available. Only NODS, however, 
The bibliography can be actually has a separate subsystem just for bibliographic data. 
queried by author, title, subject, and so on, with the results of the query sent to the user. 
Both PLDS and PDS anticipate some form of electronic mail to allow communications 
between users and between the system and the users. For instance, news of system revisions 
and new data sets can be distributed to all users. 
Administrative functions such as ordering and distributing data will be provided by all 
four systems. PDS emphasizes this aspect with three of its five subsystems directed towards 
these administrative details. 
a 
a 
0 
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4. Conclusions 
The four pilot data systems in NASA have been developed more or less in parallel and 
somewhat independently. They are being implemented by different NASA centers and over- 
seen by separate scientific steering committees. Hopefully, this report has provided a greater 
appreciation for the diversity of approaches in developing the NASA data pilots and for the 
differences and similarities in the products. 
A major task remaining prior to integration of the pilots into an Earth Observations 
Information System is to evaluate each of pilot system. Important questions remain as to 
whether researchers will actually use and benefit from distributed data systems. The develop- 
ment of a Browse capability, currently underway at the University of California, Santa Bar- 
bara, will be crucial for allowing scientists to preview data at their local terminals to  deter- 
mine if it  meets their needs. To accomplish this task will first require a survey to  find out 
how researchers decide when data is adequate, e.g. by visually inspecting raw or transformed 
imagery-, by summary statistics, etc. 
Nevertheless, NASA has already made great strides towards designing a vehicle to make 
satellite data accessible by researchers in the land, ocean, climate, and planetary sciences. 
The wealth of data from past and future missions may begin paying dividends far beyond the 
scope of the original research mission objectives, particularly when data from different sources 
c a n  be integrated synergistically. e 
University of California, Santa Barbara 
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Band Rat ro lng  Procedures f o r  Maxlmizlng 
ln fo rmat lon  Content and l n t e r p r e t a b l l l t y  
Th is  Is a d r a f t  o f  a paper, being prepared for  submission TO 
The sub jec t  of t h l s  paper Is t h e  use o f  band a re fe reed  journa l .  
r a t i o s  TO improve t h e  i n T e r p r e t a b 1 l i t y  o f  remote ly  sensed daia. 
I n  p a r t l c u l a r ,  w l t h  new a l r c r a f t  sensors such as A I S  and AVHRIS, 
and proposed spaceborne sensors such as HIRIS,  f u t u r e  image 
a n a l y s t s  w l l l  have many more spec t ra l  channels than I n  t h e  past, 
ana tnus, many more p o s s l b l e  band ra t i os .  Th is  paper examines 
t h e  des i reab le  c h a r a c t e r i s t i c s  of band ra t l os ,  and suggests 
a lgo r i i nms  f o r  t h e i r  production. 
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INTRODUCTION 
0 
Band ratioing is an image enhancement procedure in 
which the radiance values of two bands of a multispectral 
image are divided, one by the other on a pixel by pixel 
basis, in order to produce a pseudoimage known as a "ratio 
image". Descriptions of specific band-ratioing procedures 
are scarce in the literature, and it is clear that many 
researchers have produced ratio images that fall short of 
maximizing overall information content and interpretability. 
This paper reviews the logical basis for band ratioing, 
discusses the desirable characteristics of ratio images, and 
compares several effective procedures for the production of 
them. 
The use of ratio images has been widespread and highly 
touted in the analysis of remote sensing imagery data, 
especially for lithologic studies (e.g., Vincent, 1972; 
Rowan et al., 1974,1977,1982; Goetz et al., 1975; Raines et 
al., 1978; Podwysocki et al., 1983) and vegetative studies 
(e.g., Maxwell, 1976; Tucker, 1979; Jackson et al., 1983). 
Band ratios enhance image information regarding the spectral 
reflectance properties of surface materials by subduing 
those factors of surface radiance that are correlated 
between bands, namely albedo and illumination intensity. 
Useful ratio images are made from two bands in which 
the various features of interest differ non-proportionally 
in their spectral reflectivities. These bands can be 
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selected on theoretical grounds from knowledge of target 
spectra, or by evaluating test images of selected sites. 
The topics of band and ratio selection are specifically 
addressed by Crippen et al. (1987). The concern of this 
paper is instead the calculation and digital representation 
of the ratio image. 
a 
RATIONAL FOR BAND RATIOING 
0 
a 
a 
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The logical basis of digital band ratioing was 
presented by Kreigler et al. (1969). It can be readily 
illustrated. On a bi-spectral plot (Figure 1) pixels of a 
homogeneous surface material in rugged terrain generally 
fall along a straight line. The slope of such a line 
approximately equals the ratio of the two band. 
reflectivities for the surface material, and the position of 
a pixel along the line is a function of the solar 
illumination intensity for that pixel. If pixel values are 
calibrated so that zero in each band represents zero ground 
radiance (the line projects through the graph origin), then 
the ratio values of the pixels along the line are fairly 
uniform, equal to the line slope, and independent of 
illumination intensity. Since spacial variations in 
illumination intensity are largely controlled by topographic 
orientation relative to the sun position, band ratios are 
largely free of topographic effects. Conversely, since 
pixels of materials of differing reflectance properties 
commonly plot along lines of differing slopes, ratio values 
are strongly related to surface material composition. 
Figure 2 provides an example of two bands and their ratio 
image. 
Where topography is not prominent, band ratioing can 
still be useful since it also reduces spatial variations in 
signal strength attributable to heterogeneities in 
atmospheric transmittance and to look-angle effects. 
variations will be removed by band ratioing to the extent 
that they are constantly proportional between bands across 
the image. 
Such 
The logical basis of ratioing can also be described in 
terms of the various components of sensor-recorded radiance 
measurements. 
describes, to the first order, a radiometric measurement by 
a nadir-viewing sensor. 
components *: 
Equation 1 (after Kowalik et al., 1983) 
The measurement consists of four 
(a) ground reflectance of direct solar illumination 
(b) ground reflectance of skylight 
(c) atmospheric path radiance 
(d) sensor calibration offset 
The first two components are modified by atmospheric 
transmittance, and all components are adjusted by the sensor 
gain factor. 
surf ace. 
It is assumed that the ground is a lambertian 
a 
0 
0 
0 
0 
footnote----------------'-------- 
* If one defines pixels as rectangular areas having 
sharp boundaries, then a pixel "cross-radiance" component 
must also be included. I f  one instead accepts the 
indistinct, overlapping, - true spatial character of pixels 
(as determined by both sensor and atmospheric optics), then 
this additional component is meaningless. 
L = recorded radiance 
S = sensor gain factor 
T = atmospheric transmittance 
p = surface reflectance 
Hd = direct illumination intensity 
cos& = cosine of the incidence angle 
Hs = skylight illumination intensity 
A = atmospheric path radiance 
0 = sensor calibration offset 
All variables are specific to each wavelength band except' 
the ground surface orientation term, cos%. 
The underlying premise of band ratioing is that 
recorded radiances can be adjusted so that their ratio is 
approximately proportional to the ratio of surface 
reflectances, p* /pb  (for two bands 'a" and 'b"). Clearly, 
the approximation is unlikely to be close i f  the atmospheric 
path radiance or sensor calibration offset components are 
significant. The approximation is good, however, if (1) the 
direct illumination, atmospheric transmittance, and sensor 
gain are essentially uniform for pixels within each band, or 
are constantly proportional across the bands to be ratioed, 
( 2 )  skylight either provides a negligible contribution to 
total illumination or has spectral proportions similar to 
the direct illumination, and ( 3 )  the atmospheric path 
radiance and sensor offset components can be estimated and 
removed (discussed below). I f  these conditions hold then 
all terms other than reflectance will reduce to a constant, 
c, by which the ratio of recorded radiances, adjusted by 
( 3 1 ,  are linearly related to the ratio of surface 
reflectances (Equation 2). 
1 2 1  
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for bands "a" and "b" 
0 
Since the cos o( (solar incidence) terms are equivalent 
between bands, they are eliminated by band ratioing (given 
the above stated conditions). Thus, unlike the original ' 
bands, properly derived ratio values are generally not 
correlated with topography. Instead, ratio values are 
almost entirely a function of surface reflectivities and, 
therefore, surface composition. 4 
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RATIO IMAGE SIGNAL-TO-NOISE RATIOS 
Many researchers have noted that noise commonly appears 
greater in ratio images than in the original bands. This is 
largely attributable to a proportionally greater reduction 
in image signal than image noise during the ratioing 
process. Image signal typically has a strong positive 
correlation (such as in Figure 1). Ratios therefore measure 
the bi-spectral data in a dimension that commonly has 
minimum signal variability. Noise, on the other hand, 
typically shows no interband correlation and measurements of 
it in the "ratio dimension" are approximately equal in 
magnitude to the average noise in the two original bands. 
Thus, ratioing reduces the signal but not the noise, and 
this results in a smaller signai-to-noise ratio. 
Additionally, some new quantization noise is added when the 
ratio values are represented by integers. 
THE IDEAL GENERAL-PURPOSE RATIO IMAGE 
In general, the following characteristics are desirable 
for ratio images: 
(1) The input radiance values should be corrected for 
atmospheric and sensor-offset additive-radiance terms so 
that the ratio values are closely representative of the 
reflectance properties of surface materials. 
( 2 )  The distribution of ratio values should be positioned 
and scaled to fill the quantization range, with only minor 
saturation at the range limits. 
( 3 )  The distribution of ratio values should tend toward 
histogram equalization (histogram flattening) so as to 
maximize, on average, the distinguishability of each pixel 
from all other pixels (maximize image entropy). 
( 4 )  The ratio image should be invertible, so that 
information content does not change when the numerator and 
denominator bands are exchanged. Being invertible means 
that a ratio image is the negative of the ratio image 
produced by inverting the ratio. Invertible ratios are, on 
average, symmetrical about a central (median or mean) value, 
and deviations from this symmetry are attributable to image 
features and not to the ratioing procedure. 
In cases where only anomalously extreme values are of 
interest, some of these characteristics (such as histogram 
equalization) may not be desireable. However, for general 
purpose ratioing, the above characteristics tend to maximize 
information content and present it in a readily 
interpretable form. 
R A W  RATIOS: PROBLEMS 
An inherently problematic yet still common procedure 
for producing ratio images is to divide the raw (unadjusted) 
pixel values of one band by those of another band to produce 
a "raw ratio" (which is then multiplied by a scaling 
factor). This procedure fails to compensate for the 
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additive terms in Equation 1. Since these terms are largely 
independent of the reflectance properties of the surface 
materials, the resultant ratio values are not necessarily 
closely related to surface composition. 
algebraically in Equations 3a and 3b, ratio values are not 
constant, despite proportionally equal surface radiances (Ra 
and Rb), if the additive terms (Aa and Ab) are not removed. 
As expressed 
but 
0 
0 
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Commonly, the additive terms are attributed mostly to 
atmospheric path radiance, however the sensor calibration 
offset is commonly the larger term in the infrared 
wavelengths. The skylight term is only significant for 
shaded pixels (Kowalik et al., 19831, where ratio values are 
crude anyway due to relatively large signal quantization 
errors. 
Several methods are available for estimating the 
combined atmospheric and sensor-offset correction term, 
including Dark-Pixel Subtraction (Crane, 19711, 
Radiance-to-Reflectance Conversion (Honey et al., 19741, 
regression-type techniques (Potter and Mendlowitz, 1975; 
Switzer et al., 1981; Crippen, 19861, and a statistical or 
0 IO 
visual iterative-ratioing procedure (Crippen, 1986). 
Examples of raw ratios (and ratios for which the 
additive terms have been incompletely removed) are plentiful 
in the literature. They are readily recognized by their 
significant retention (sometimes reversal) of topographic 
effects (such as in Figure 2c). The interpretability 
problems of raw ratios are easily explained by graphic and 
pictoral illustration. 
Figure 3 is a simplified bi-spectral plot depicting two 
contrasting ground cover types in rugged terrain. Data 
adjustments for the additive-radiance terms have not been 
made, thus the plots do not project through (and intersect 
at) the graph origin. Ratio values increase circularly on 
. the plot in the counter-clobkwise direction. Although the 
lines represent spectrally homogeneous materials, ratio 
values along each of them are greater for pixels of low 
illumination intensity. A l s o ,  dark pixels of material U 
have the same ratio values as brighter pixels of material M, 
and are therefore indistinguishable. Note that this is not 
the case when the additive terms ( 4 5  and 6 for bands 1 and 4 
respectively) are removed, as in Figure 1. Note also that 
these plots are derived from the image data of Figures 2a 
and 2b and explain the topographic reversal and spectral 
ambiguity of Figure 2c. M is freshly exposed bedrock and 
mining talus (high TM 1/4 ratio) and U is the adjac'ent 
undisturbed bedrock with coatings of desert varnish and 
other products of weathering (low TM 1/4 ratio). 
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Problems attributable to the use of raw ratios haye 
been cited by Krohn et al. (1978) and Kowalik et al. (1983) 
in attempts to discriminate limonitic outcrops from 
non-limonitic outcrops. In other studies this cause of 
feature discrimination problems has gone unrecognized by the 
authors. 
Some researchers have argued for the use of raw ratios 
because retained topographic information can provide 
benefits in visual image analyses. Most, however, have not 
acknowledged that these benefits must come at the expense of 
spectral distinctiveness. Others have argued that raw 
ratios have a greater signal-to-noise ratio than 
additive-term-adjusted ratios, however this is only true i f  
one defines atmospheric path radiance to be "signai". For 
mest applications it is more reasonably defined to be 
environmental noise. Clearly, removal of the additive terms 
is essential i f  ratio images are to coherently depict 
surface reflectance properties. 
-
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SIMPLE RATIOS: PROBLEMS 
e 
0 
Ratios produced by simple division of 
additive-term-adjusted radiance data are closely related to 
the reflection properties of surface materials, and are 
herein termed "simple ratios". The formula for simple 
ratios is 
where V is the ratio value, Rn and Rd are the pixel values 
of two bands, S is a scaling factor that spreads the results 
over 256 quantization levels (with minor saturation), and C 
is an offset term to position those levels at 0 to 255. For 
general purpose use, problems remain for simple ratios. 
0 
a 
One problem is that simple ratios show an awkward 
complexity in that greater contrast is given to surface 
materials that happen to have greater data values in the 
band selected to be the numerator. This is because simple 
ratios less than unity (numerator less than denominator) 
have a range of zero to one (before scaling), while those 
greater than unity have a range essentially from one to 
infinity. A related problem is that while simple ratio 
outputs greater than unity are distributed linearly (2/1, 
3/1, 4/1, ... 1 ,  their equivalent inverses less than unity 
are distributed hyperbolically (1/2, 1/3, 1/4, ... 1 .  
a 
0 
Another problem with simple ratios is that their 
distributions are commonly sharply peaked and the peak can 
only be finely quantized if the output scale is increased to 
the point where many non-peak values are saturated at the 
range minimum and maximum. 
As will be shown below, solutions to these problems are 
not difficult. 
a 
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BAND RATIOING FORMULAS 
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A wide variety of formulas can be used to produce ratio 
images that possess all of the previously stated desireable 
characteristics and avoid or reduce the problems of simple 
ratios. Several are presented below. In each it will be 
assumed that the data have been corrected for the additive 
terms. The following symbols are used: 
V = Ratio value 
Rn = Numerator-band pixel value 
Rd = Denominator-band pixel value 
P = Proportionality factor (constant) 
s = Scaling factor (constant) 
Except where noted, all cf the ratio formulas discussed 
below are invertible and provide a generally advantageous 
quantization that relatively compresses (crudely quantizes) 
extreme values and expands (finely quantizes) values near 
unity. 
magnitudes of band values have no environmental meaning 
(being a function of sensor gain settings), any ratio value 
can be reset to unity to take advantage of the fine 
quantization there. Commonly, the user will want to 
increase overall pixel discriminability (image entropy) by 
positioning the ratio modal value at unity (many ratio 
images are distinctly unimodal). Rn/Rd (the ratio of the 
average additive-term-adjusted radiances) is a good first 
estimate of the ratio mean and mode values. Its inverse, 
Since between-band differences in the overall 
- -  
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Rd/Rn, is therefore useful as a proportionality factor (P) 
for centering the ratio values approximately at unity before 
non-linear quantization. 
proportionality factor, any range of ratio values can be 
emphasized in the quantization. 
factor is just the fractional inverse of a selected value in 
that range. 
By selecting an appropriate 
Again, the proportionality 
The scaling factor, S, is determined by making a low 
guess, producing the ratio image and its histogram, and then 
increasing S so that the output ratio image values fill the 
quantization range with only minor saturation at the minimum 
(0) and maximum ( 2 5 5 )  values. I f  saturation is (or projects 
to be) one-sided and excessive then the midrange constant 
representing unity (initially 128) can be adjusted to 
reposition the ratio distribution. 
should be necessary, and it may be economically beneficial 
to grid-sample the image for producing the trial histogram. 
Only one trial iteration 
Note that ratios having quantization stretches that are 
symmetrical around unity, can be inverted: 
0 
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band 1 band 2 e---> ------ 
band 2 band 1 
--e--- 
by linear reversal: 
output value = range maximum - input value 
when unity is assigned to the midrange value. 
ratios inverted on a display device (by reversing the lookup 
Thus, such 
e 
table) are numerically equivalent to the same ratios 
calculated with the numerator and denominator bands 
interchanged. 
All ratioing formulas presented will be evaluated and 
compared by ratio modelling later in this paper and are only 
briefly described here. 
Log Ratios 
Logarithmic ratios, first introduced by Goetz et al. 
(19751, are derived by use of Equation 5. 
0 
0 
0 
Note that log ratios are inherently invertible around 
unity because logs of ratios equai the negatives of t h e  l o g s  
of inverted ratios. 
Arctangent Ratios 
Arctangent ratios were first proposed by Wecksung and 
Breedlove (1977) as another solution to the quantization 
problems of simple ratios. Equation 6 is a practical 
formula for their derivation. 
The resultant values are linearly related to the 
angular position of the pixels as plotted on a bi-spectral 
graph (after proportionality-factor adjustment). 
e 
Normalized-Difference Ratios 
Normalized-difference ratios (Smedes et al., 1971) are 
very similar to log and arctangent ratios, yet are derived 
without the use of a complex function (Equation 7). 
0 
e 
In this case, however, to assure that the greatest 
stretch is applied to the selected ratio value, one band 
must be adjusted relative to the other before division 
occurs. This is achieved .by substituting Rn*P for Rn in the 
formula. 
The so-called Transformed Vegetation Index (TVI) is a 
modification of a normalized-difference ratio that uses a 
red band, Rn, and a near-infrared band, Rd (Rouse et al., 
1974). The formula is: 
where K=l is used to avoid taking the square root of a 
negative number (constants less than 1 can be used but 
cannot be pre-determined to work for all pixel values). C 
is negative and is used to position the values between 0 and 
255 after scaling. With K = l ,  the square-root function 
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asymmetrically compresses the normalized-difference values 
toward unity, Rn/Rd=l (Rn/Rd < 1 becoming larger and Rn/Rd > 
1 becoming smaller). I f  K = / = l ,  however, then the 
compression is toward some value other than unity (for the 
commonly used K=0.5, compression is toward Rn/Rd = 3 ) .  No 
logical quantization advantage is apparent for TVI and 
several authors have reported no practical benefit over 
simple ratios for measuring vegetation (e.g. Tucker, 1979; 
Perry and Lautenschlager, 1984; Yo01 et al., 1986). Its 
continued use therefore appears unjustified. 
A square-root function can be forced to be symmetric, 
to take advantage of it exponential quantization for general 
purpose ratioing, by using a dichotomous formula (Equations 
9a and 9 b L  
If Rn/Rd >= 1 then: 
L 
I f  Rn/Rd < 1 then: 
It will be shown later by modelling, however, that the 
square-root function has little effect on the quantization 
of normalized-difference ratios. a 
Equilateral and Hyperbolic Ratios 
0 
When only the extreme values of a ratio image are of 
particular interest, it is beneficial to avoid compressed 
far-range quantizations. Equilateral ratios (Equations loa 
and lob) provide a quantization that is symmetrical around 
unity and is equal to the greater-than-unity quantization of 
simple ratios. 
I f  (Rn/Rd)*P >= 1 then: 
0 
0 
0 
I f  (Rn/Rd)*P <1 then: 
0 
By exchanging the if-then conditional statements, the 
quantization is still symmetrical but is equal to the 
relatively hyperbolic, - less-than-unity quantization of 
simple ratios. 
this quantization is even more compressed in the far ranges 
than that of any other ratio discussed above. These 
quantization differences between equilateral and hyperbolic 
ratios are directly related to the great asymmetry of simple 
ratios. See the Modelling section below for histogram 
depictions of these quantization differences. 
In extreme contrast to equilateral ratios, 
0 
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DEALING WITH VERY DARK PIXELS 
A problem that can arise in ratios of any form is a 
light and dark, "salt and pepper" effect (figure Zd) in 
areas of very low terrain illumination (topographic 
shadows). This results where sensor noise, signal 
quantization noise, and ratio quantization noise combine to 
become large relative to the recorded signals. Thus, in 
areas of low illumination (areas of weak signal), ratio 
values can be so crude as to be virtually meaningless. 
Removal of these pixels from the ratioing process may be 
desirable. This can be done by assigning them a "neutral" 
value (perhaps 127 or 128), or a value chosen to be readily 
distinguishable in the output image (e.g., zero). The 
cutoff value for acceptible versU5 uiiacc3ptiS:y dark pixels 
is sensor, scene, and feature dependent, in addition to 
being a matter of judgement. In general, however, ratios 
using adjusted radiance values of less than 10 will produce 
results of questionable quality. 
As a minimum requirement, pixels with band values of 
zero or less must be assigned some positive value before 
ratioing to avoid the mathematical impossibilities of 
division by zero or the taking of a log of a negative 
number. (Values of less than zero are possible after 
removal of the additive term when (1) a pixel is in deep 
shadow and the additive-term correction value for the scene 
is excessive for that specific pixel, or (2) when sensor 
noise results in a falsely low recorded radiance value.) 
e 
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DI SCUS S I ON 
0 
The need for using invertible-ratio formulas is 
directly related to the magnitude of the range of ratio 
values. When the range is small, then the differences 
between the scale of simple ratios and the scale of their 
inverses is small. Note, for example, that 1.1/1.0 and 
1.0/1.1 are nearly equidistant from 1/1, but that 4/1 and 
1/4 are not. Thus, invertible ratios are especially useful 
for removing scale distortion when utilizing bands that are 
poorly correlated. In general, these are also the bands 
that provide the most information when ratioed. 
In lithologic studies using Landsat MSS data, simple 
ratios have generally been an adequate ratio form because 
all bands are quite highly correlated. 
and data from broad-spectrum airborne scanners this is 
commonly not true, and the benefits of invertible ratios can 
be substantial. 
With Landsat TM data 
Non-linear ratio quantizations are generally beneficial 
because many ratio-image histograms are strongly unimodal. 
The non-linear quantizations described above compress the 
distribution of ratio values in the extremes, and expand it 
near unity. Thus, if the mode is positioned at unity, the 
quantization is finer where most of the results lie, and the 
average discriminability of each pixel from all other pixels 
is increased (image entropy is increased). This is not 
equivalent to distribution stretches applied after the 
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ratioing procedure, which can only reduce discriminability. 
When the user is not concerned about overall 
discriminability but instead wants to increase the spectral 
discriminability of a selected range of ratio values, then 
non-linear quantization is again benefici'al when the 
proportionality factor is properly chosen. 
The differences between various types of ratios will 
usually be more significant statistically than visually. 
For statistical use (such as an input channel to a 
classification algorithm), any increase in pixel 
,discriminability is potentially beneficial. 
however, pixel discriminability is subject to perceptual 
constraints. The number of differing grey levels that can 
be perceived in a scene is severely limited, varying 
inversely with scene complexity from about 8 to more than 
100. For a spatially complex ratio image, 256 grey levels 
are an amount of detail far beyond what can be perceived, 
therefore just how those levels are used is not very 
important. 
should not be ignored, however, since the signal 
(noise-free) components of ratio images generally do not 
have high spatial complexity and, therefore the potential. 
exists to perceive several grey levels. A l s o ,  since users 
commonly interactively stretch narrow ranges of ratio values 
in displays to emphasize the detail of selected features, it 
is beneficial to have superior quantization detail 
available. 
For viewing, 
The impact of quantization type on perception 
a 
MODELLING OF THE RATIO OUTPUTS 
In order to demonstrate the differences between the 
various types of ratios, a hypothetical ratio image was 
created with the ratio values distributed about a central 
value of 1/1 (unity). This modelling was necessary in order 
to demonstrate effects of the differing ratioing methods 
independent of any scene-specific features. The 
distribution of ratio values used for the modelling is 
arc-normal. That is, if the pixel values are plotted on a 
bi-spectral graph and their values are taken as the slopes 
(in degrees or radians) of the lines connecting them to the 
graph origin, then the histogram of those values has a 
gaussian distribution. 
distributions not unlike those created by this modelling. 
That is, when expressed in terms of simple ratios (instead 
of arcs), their distributions are unimodal and distinctly 
peaked. 
Real ratio images commonly have 
The differences in the ratio outputs are easily seen in 
their histograms. 
saturation equally split between the range ends. 
All outputs were scaled to have 2% 
In Figure 4a, simple ratio values are not distributed 
symmetrically and are sharply peaked below unity. 
output image is therefore not invertible, and much 
information (in terms of the distinguishability of pixels) 
is lost. 
The 
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Equilateral ratio values are symmetrical about the 
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central value, and the ratio image is therefore invertible. 
However, the histogram is sharply peaked such that several 
pixels are grouped and indistinguishable (image entropy is 
low). On the other hand, values significantly different 
from unity have a finely resolved quantization. 
Hyperbolic ratio values are also symmetrical and 
invertible, but show a quantization stretch that is so 
severe at unity that it splits the arc-normal model 
histogram into a bi-modal distribution. Such a stretch 
could be advantageous for ratio images that are more peaked 
than the arc-normal model. 
In Figure 4b, normalized-difference ratios, "VI ratios, 
and square-root normalized-difference ratios are shown to be 
similar, except for the non-invertibility of "VI. Note that 
the square-root function has only a minor effect 31~ t he  
peakedness of normalized-difference ratios. 
In Figure 4c, arctangent, normalized-difference, and 
log ratios all display flattened distributions that are 
symmetrical (and therefore invertible) around their central 
value. These ratios are clearly superior to simple ratios 
in maximizing overall pixel discriminability, given the . 
peakedness common in ratio image histograms. 
CONCLUSIONS 
e 
Procedures are not complicated for maximizing the 
utility and overall information content of band-ratio 
images. 
to ground reflectance, and then ratio values need to be 
optimally distributed within their quantization range to 
maximize pixel discriminability. 
ratioing, invertible quantization is preferable so that the 
resultant image information is not dependent upon the 
assignment of the bands to the numerator or denominator. 
Simply put, radiance values need to be calibrated 
For general purpose 
This paper has reviewed the logical basis of band 
ratioing, discussed the desireable characteristics of ideal 
general-purpose ratio images, and described several 
potentially-useful ratioing formulas. Arctangent, 
normalized-difference, and log ratios are very similar, are 
easy to employ, and are generally preferred over simple 
ratios due to their invertibility and commonly-advantageous 
non-linear quantization of the resultant values. 
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Figure 1 .  Bi-spectral plot of two surface materials of differing 
ref 1 ectance properties i n rugged t e r r a i  n . Pixel Val ues are  
calibrated s o  tha t  zero i n  each band represents zero ground 
radiance. The materials a re  readily distinguished by the i r  
ra t io  values despite having pixel values tha t  greatly overlap * 
i n  the individual bands. 
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Figure 2. Landsat TM imagery 
Mine and vicinity, Southern 
tj 
D 
of the Eagle Mountain Iron 
California, 12 December 1982. _ _  - 
(a) Band 1. (b)-Band 4. (c) Raw ratio 1/4 showing 
reversal of topographic expression. (d) Log ratio 1/4 with 
additive-radiance terms removed. Freshly exposed bedrock 
and talus are clearly depicted as bright areas in d, but 
remain confused with adjacent areas in c due to the 
preservation of topographic effects. 
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Figure 3.  Simplified'bi-spectral plot of image data from Figure 2.  
Raw ratios do not different ia te  the surface materials since 
the i r  values are equal for  brightly illuminated mine pixels 
and darker pixels of undisturbed ground. Also, dark pixels 
of both surface materials tend to  have greater raw ra t io  values I 
than brightly illuminated pixels, resulting i n  the reversal 
of the topographic e f fec t  as seen i n  Figure 2c. Removal of 
the additive terms (45 and 6)  resul ts  i n  d i s t i nc t  r a t io  values 
for  the two spectrally d i s t inc t  materials (as i n  Figures 1 and 2d). 
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Figure 4.  Histograms of arc-normal model led 
ratio image. 
all symmetric (invertible) ratios and i s  indicated 
by a vertical line for simple ratios and TVI .  
Unity i s  a t  the mid-range value for 
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G l o s s a r y  o f  Terms and A b b r e v l a t i o n s  
Commonly Used I n  Remote Sensing Research and A p p l i c a t i o n s  
J e f t r e y  L. S ta r ,  John E. Estes,  K r i s t i  Lombard 
The Jargon and t e c h n o l o g y  o f  remote  s e n s i n g  r e s e a r c h  and 
a p p l  i c a t l o n s  move r a p i d l y .  One o f  t h e  p r o b l e m s  we have  
d i s c o v e r e d  I n  r e c e n t  workshop meet ings  i s  a d i f f e r e n c e  i n  t h e  way 
p e o p l e  a r e  u s l n g  a v a r t e t y  of  terms. The f o l  l o w i n g  lisi o f  te rms  
and a b b r e v i a t i o n s  i s  CUI  l e d  f rom a v a r i e t y  o f  sources,  
p r i n c i p a l  l y  i n  n o n - r e t e r r e e d  sources. 
I n  t h e  n e x t  year,  we propose t o  c o n t i n u e  c i r c u l a t e  t h i s  l i s t  
among a number o f  o u r  NASA-sponsored c o l l e a g u e s .  The i n i e n t  o t  
t h i s  a c t i v i t y  i s  t o  d e v e l o p  a concensus d e f i n i t i o n  o f  t h e  terms, 
t o  f u r t h e r  communlca t lon  w i t h i n  t h e  p r o f e s s t o n .  
e 
e 
e 
e 
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AAG - A s s o c i a t l o n  o f  Amerlcan Geographers. 
e 
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e 
Accuracy - A measure o f  freedom from e r r o r .  
A c t l v e  System - I n  remote  sensing, a system t h a t  Is t h e  s o u r c e  o f  
t h e  e l e c t r o m a g n e t i c  r a d l a t i o n  r e t i e c t e d  o r  s c a i t e r e d  by t h e  
o b j e c t  b e l n g  sensed. F o r  example, r a d a r  i s  an a c t i v e  mlc rowave 
system (compare w i t h  " p a s s l v e  system"). 
A G l S  - Automated Geograph ic  I n f o r m a t l o n  System. 
AgRlSiARS - A g r l c u l t u r e  ana Resources I n v e n t o r y  Surveys  Through 
Aerospace Remote Sensing.  
AGU - Amer ican Geophys lca l  Unlon. 
A l A A  - American I n s t i t u t e  o f  A e r o n a u t l c s  and A s t r o n a u t i c s .  
A I D  - Agency f o r  I n t e r n a t i o n a l  Development (U.S. f e d e r a l  agency) .  
A l g o r f t h m  - A p r o c e d u r e  f o r  p e r f o r m i n g  a s p e c i f i c  a c t i o n ;  I n  
s o t i w a r e  t h i s  Is a s e t  o f  I n s t r u c t i o n s  t o  t n e  computer .  
A lphanumer ic  - C o n s l s t l n g  o f  bo th  l e t t e r s  and numbers. 
A lphanumer ic  and g r a p h i c s  t e r m l n a l s  - U s u a l l y  a b l a c k  and w h i t e  
TV s c r e e n  w l t h  a t t a c h e d  keyboard, o r  a keyboard  t e r m l n a l  w l t h  a 
g r a p h i c s  p r i n t e r ,  f o r  i n t e r a c t l n g  r ? t h  a c o r n p ~ t e r .  
Analog  - t h e  r e p r e s e n t a t l o n  o f  n u m e r i c a l  q u a n t l t l e s  by means o f  
p h y s i c a l  v a r i a b l e s  ( v o l t a g e ,  c u r r e n t ,  e t c . )  as  opposed t o  
"d I g  1 t a l " .  
Ana log  Computer - A c a l c u l a t i n g  d e v i c e  t h a t  o p e r a t e s  on numbers 
r e p r e s e n t e d  as measurab le  quantities (e.g., v o l t a g e s )  r a t h e r  t h a n  
t h e  numbers themse lves  (compare w i t h  " d l g l t a l  computer " ) .  
Ana lyzed Data  Records ( A D R s )  - Those r e c o r d s  wh lch  t h e  
I n v e s t i g a t o r  d e s l g n a t e s  as t h e  b e s t  t o  d i s p l a y  t h e  s c i e n t i t l c  
r e s u l t s  of an e x p e r l m e n t  and p r o v i d e  t h e  p h y s i c a l  q u a n t l t l e s  by 
a p p l y i n g  c a l i b r a t i o n  c u r v e s  or a l g o r i t h m s  t o  t n e  c o r r e c i e d  
obse rved  q u a n t i t i e s  o f  t h e  Reduced Data  Records. The d a t a  may be 
t i m e  averaged and may I n c o r p o r a t e  model-dependent assumpt ions  t o  
o b t a i n  t h e  p h y s i c a l  q u a n t l t l e s .  Char ts ,  graphs, t a b l e ,  
c o r r e l a t i o n  c o e t t i c l e n t s ,  model parameters,  pho iographs ,  ana 
p l o t s  a r e  p o s s l b l e  fo rms o f  t h e s e  r e c o r d s .  
Ancillary Data  - A d d l t i o n a i ,  supplementa l  da ta .  
A n g u l a r  F l e l d  o f  Vlew - See F l e l d  o f  Vlew (FOV). 
Antenna - The d e v i c e  t h a t  r a d l a i e s  e l e c t r o m a g n e t i c  r a d l a r i o n  trom 
a t r a n s m i t t e r  o r  r e c e l v e s  r a d i a t i o n  f rom o t h e r  sou rces  o r  
antennas.  
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A r r a y  Processor  - A s p e c i a l i z e d  c o m p u t a t i o n  u n i t  used I n  
c o n n e c t i o n  w i t h  a r e g u l a r  computer  CPU, wh ich  p e r t o r m s  o p e r a t i o n s  
an a r r a y s  ( m a t r i c e s )  o f  da ta .  Used when d a t a  a r r a y s  must be 
m a n i p u l a t e a  a t  h l g h  speed 
ASCS - A g r i c u l t u r a l  Stab1 
ASP - American S o c i e t y  o f  
B/W - B l a c k  and W h i t e  
i z a t i o n  and ConservaT ion  S e r v i c e  ( U S D A )  
Photogrammetry .  
Bana - A range o f  wave leng ths  o f  e l e c t r o m a g n e t i c  r a d i a t i o n  
s p e c i f i e d  t o  produce a s i n g l e  response  on a s e n s i n g  dev i ce ;  a l s o  
known as a channel .  
0 
e 
e 
Beam Wid th  - A measure o f  t h e  c o n c e n t r a t i o n  o f  power by a 
d i r e c t i o n a l  antenna. It i s  t h e  a n g l e  subtended a t  an tenna by 
a r b i t r a r y  ( n o r m a r l y  o n e - h a l t  t h e  maximum) p o w e r - l e v e l  p o i n T s  
a c r o s s  t h e  a x i s  o f  t h e  beam. e 
B I L  - Band I n t e r l e a v e d  by L i n e  
B i t  - I n  d i g i t a l  comput ing,  a b i n a r y  d i g i t  w h i c h  may e l t h e r  be 
one o r  zero .  
BPI - B i t s  Per I n c h  
BPS - B i t s  Per Second 
BSQ - Band S e q u e n t i a l  
B y t e  - A c o l l e c t l o n  o f  8 b i t s  so t h a t  one b y t e  can r e p r e s e n t  any 
number between 0 and 255. 
C a l i b r a t i o n  - t h e  a c t  of  compar ing  c e r t a i n  measurements i n  an 
i n s t r u m e n t  w i t h  a s t a n d a r d .  
Car tog raphy  - The s c i e n c e  o f  r e p r e s e n t i n g  g r a p h i c a l l y  t n e  known 
p h y s i c a l  f e a t u r e s  o f  t h e  E a r t h ' s  s u r f a c e ,  whe the r  n a t u r a l  o r  
a r t i t i c f a l  . 
C a t a l o g  - A c o l l e c t i o n  o f  d e t a l l e d  i n f o r m a t i o n  a b o u t  who le  d a r a  
s e t s .  
Cathoae Ray Tube ( C R T )  - An e l e c t r o n  t u b e  whose f a c e  is covered  
by a phosphor t h a t  e m i t s  l i g h t  when e n e r g i z e d  by I t s  e l e c t r o n  
beam; f o r  example, a computer  d i s p l a y  s c r e e n  o r  a t e l e v i s i o n .  
CBD - C e n t r a l  Bus iness  D t s t r l c t  
CCRS - Canada C e n t r e  t o r  Remote Sens ing  
C e l l  Based Data S t r u c t u r e  (CBDS) - A l o g i c a l  o r g a n i z a t i o n  o f  
s p a t i a l  d a t a  I n  w h l c h  g e o g r a p h i c  space i s  modeled as a s u r f a c e  
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composed o f  c e  I I s. 
Census T r a c t  - Smal l  a reas  ave rag lng  4000 I n  p o p u l a t i o n  ana 
v a r y l n g  I n  l a n d  area.  They r e p r e s e n t  ne ighborhoods  h a v i n g  
s l m i i a r  soc loeconorn ic  c h a r a c t e r i s t i c s  ana a r e  d e t i n e d  by 
l o c a l  commi t tees  I n  c o o p e r a t l o n  w l t h  t h e  Bureau o f  t h e  
Census. 
C e n t r a l  P r o c e s s i n g  U n l t  (CPU) - T h a t  p a r t  o f  t h e  computer  
hardware  wh lch  p e r f o r m s  t h e  a c t u a l  c a l c u l a t l o n  and m a n l p u l a t l o n  
o f  da ta .  
0 
0 
0 
0 
0 
Channel - I n  remote  sensing,  a narrow s p e c t r a l  I n i e r v a l ;  a l s o  
r e f e r r e d  t o  as a band. 
C I K  - C o l o r  I n f r a r e d  F l l m  
C o - I n v e s t i g a t o r  (Co-1) - An a s s o c l a t e  o f  t h e  P r i n c l p a l  
l n v e s t l g a t o r  ( P I )  who Is assfgned a s u p p o r t l n g  r o l e  I n  t h e  
I n v e s t i g a t i o n .  I n  a d d f t l o n ,  some d a t a  r i g h t s  may be ass igned  t o  
t h e  Co-I by t h e  P - I .  
Compat lb le  - E x e c u t a b l e  on more t h a n  one computer .  
Computer Compat lb le  Tapes (CCTs) - Tapes c o n t a l n l n g  d a t a  I n  
mach ine- readab le  ( d l g l t a l )  f o r m a t .  Four  L a n d s a i  CCTs a r e  
r e a u l r e d  t o  c o v e r  one Landsa t  scene. 
Contour  Map - A t o p o g r a p h i c  map t h a t  p o r t r a y s  r e l l e t  by t h e  use 
3f c o n t o u r  l i n e s  o f  equa l  elevat!~n. 
C o n t r a s t  - The amount o f  d i f f e r e n c e  between t n e  l n t e n s l t y  of 
l i g h t  a r e a s  and d a r k  a r e a s  o f  an Image. The h l g h e s t  c o n t r a s t  
r a t i o  Is between b l a c k  ana wh i te .  
C o n t r a s t  Enhancement - A mathernat lca l  p r o c e d u r e  u s u a l l y  pe r to rmed  
by a computer  t o  a r t l f l c l a l l y  I n c r e a s e  t h e  c o n t r a s t  I n  an Image, 
maklng c e r t a i n  f e a t u r e s  s t a n d  o u t  s h a r p l y .  
C O S M I C  - Computer So f tware  Management and l n f o r m a t l o n  Cen te r  
CPU - C e n t r a l  P r o c e s s i n g  U n l t  
CRT - Cathode Ray Tube 
CT - Census T r a c t  
C r S  - Communicat ions Technology S a t e l l i t e  (Canad lan)  
CZCS - Coas ta l  Zone Color Scanner 
D / A  - D l g i t a l  t o  Analog 
D a t a  S e t  - A c o l l e c t l o n  o f  s l m l l a r l y  f o r m a t t e d  r e c o r d s  h a v i n g  
llke l n f o r m a t l o n  ( f r o m  one o r  m u l t l p l e  sensors ) ,  l d e n t l c a l  
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p rocess lng ,  and, t y p l c a l l y ,  common temporal/spatlal/spectral 
r e s o l u t i o n .  
Da ta  S e t  Granu le  - A segment o f  a d a t a  se t ,  such as a s i n g l e  
Image, one o r  s e v e r a l  r e c o r d s  I n  some f l x e d  t l m e  Increment ,  o r  
f i l e s  on each o f  s e v e r a l  t apes .  
D a t a  System - A package comb in ing  d a t a  d f r e c t o r y ,  c a r a l o g ,  ana /o r  
I n v e n t o r y  f u n c t l o n s ,  as  w e l l  as d a t a  access, somet lmes 
m a n i p u l a t i o n ,  and d l s p l a y  c a p a b l l l t l e s .  
DEM - D l g l t a l  E l e v a t l o n  Model 
D l g i t a i  Computer - A c a l c u l a t l n g  d e v i c e  t h a t  o p e r a t e s  on t h e  
p r i n c i p l e  o f  c o u n t l n g  r a t h e r  t h a n  measur fng  q u a n t l t l e s  t h a t  
r e p r e s e n t  numbers (compare w l t h  "ana log  computer " ) .  
D l g l t a l  Format - Data  s t o r a g e  I n  mach lne- readab le  form. 
D l g l t i r e r  - A d e v l c e  t h a t  c o n v e r t s  a n a l o g  l n f o r m a t l o n  i n r o  
machlne-readable form. 
D l g l t i z i n g  - The p r o c e s s  whereby an ana log  v a l u e  such as p o s i ~ i o n  
on a map Is conver ted  i n t o  d l g i t a l  c o o r d f n a t e s  o r  v a l u e s .  
D I M E  - Dual  Independent  Map Encod lng  
D l r e c t o r y  - A c o l l e c t t o n  o f  h l g h  l e v e l  l n f o r m a t l o n  a b o u t  who le  
d a i a  s e t s  (names, l o c a t i o n s ,  s o u r c e s  of  f u r t h e r  I n f o r m a t i o n ,  
o t h e r  I tems TBD) . 
D i s c f p l i n e  Issues  - Those SD I s s u e s  wh ich  a r e  a s s o c f a t e d  w l i h  
s p a t l a l  d a t a  c h a r a c t e r l s t f c s  ( see  S e c t l o n  2 . 1 ) .  
D l s k s  - Large  c a p a c l t y ,  d l r e c t  access  s t o r a g e  dev i ces ;  d a r a  i s  
s t o r e d  as  magnet ic  a r e a s  on t h e  f a c e  o f  one o r  s e v e r a l  p l a t t e r s .  
These p l a t t e r s  r o t a t e  r a p i d l y  ana each b l t  o f  d a r a  i s  a v a i l a b l e  
t o  t h e  r e a d l n g / w r l t l n g  "head" once p e r  r e v o l u t l o n ,  p r o v l d l n g  
h lgh-speea data access. A l s o  s p e l l e d  d i s c s .  
DLG - D l g l t a l  L f n e  Graph 
DMA - Defense Mapplng Agency (U.S. Depar tment  o f  Defense)  
DN - D i g i t a l  Number 
DSN - Deep Space Network 
ED(; - EROS Data Center  (USGS, SIOUX,  F a l l s ,  SD)  
EDP - E i e c t r o n l c  Data P r o c e s s f n g  
ELAS - E a r t h  Resources L a b o r a t o r y  A p p l i c a t i o n  S o f t w a r e  
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E l e c t r o m a g n e t i c  R a d i a t i o n  - Energy p ropaga ted  t h r o u g h  
space or a m a t e r i a l  i n  t h e  to rm o f  waves o f  i n t e r a c t i n g  
e l e c t r i c  and magne t i c  f i e l d s ;  f o r  example, r a d i o  waves 
ana 1 1 g h t .  
E l e c t r o m a g n e t i c  Spect rum - An o rde red  a r r a y  o f  known 
e l e c t r o m a g n e t i c  r a d i a t i o n s  i n c l u d i n g  u l t r a v i o l e t  r a d i a t i o n ,  
v i s l b l e  r a d i a t i o n ,  i n f r a r e d  r a d i a t i o n ,  and mic rowaves ( s e e  F i g u r e  
2-1 1 .  
EMK - E l e c t r o m a g n e t i c  R a d i a t l o n  
E n t i t y  Based Da ta  S t r u c t u r e  (EBDS) - A l o g i c a l  o r g a n i z a t i o n  o f  
s p a t i a l  d a t a  i n  wh ich  geograph ic  space is modeled as a s u r f a c e  
composed o f  s p a t i a l  e n t i t i e s  d e s c r i b e d  by l o c a t i o n a l  i d e n t i t i e r s  
r e l a t e d  t o  a c o o r d i n a t e  o r i g i n .  
EOF - End o f  F i l e  
EOT - End o f  Tape 
EPA - Env l ronmen ta l  P r o t e c t l o n  Agency 
E R l M  - Env l ronmen ta l  Research I n s t i t u t e  o f  M i c h i g a n  
ERL - E a r t n  Resources L a b o r a t o r y  (NASA, NSTL StaT lon ,  MI) 
EROS - E a r t h  Resources Observa t l on  Systems (USGS, S ioux  F a l l s ,  
SD) 
ERAS - E a r t h  Resources Technology S a t e l l i t e  (now c a l l e d  L a n d s a t )  
ESA - European Space Agency 
Exper imen t  - A t e r m  used i n t e r c h a n g e a b l y  w i t h  i n v e s t l g a t i o n  ( t h e  
l a t t e r  is p r e f e r r e d ) .  A c t i v i t y  or  e f f o r t  a imed a t  t h e  g e n e r a t i o n  
o f  d a t a  o b t a i n e a  by measurement o f  space phenomena or t h e  use  o f  
space t o  obse rve  e a r t h  phenomena and t h e  r e s u l t i n g  a n a l y s i s  o f  
such da ta .  
E x p e r i m e n t  Data  Records (EDRs) - Those r e c o r d s  p r o v i d e d  t o  t n e  
P r i n c i p a l  I n v e s t i g a t o r ,  Team Leader, Guest  l n v e s t l g a t o r ,  Co- 
I n v e s t i g a t o r ,  o r  team member c o n t a l n l n g  a l l  t h e  d a t a  f rom t h e  . 
m i s s i o n  r e q u i r e d  t o  c a r r y  o u t  t h e  i n v e s t i g a t i o n  s p e c i f i e d  i n  t h e  
c o n t r a c t  or launch agreement. These r e c o r d s  may i n c l u d e  o r b i t a l  
p o s i t i o n ,  s p a c e c r a f t  a t t i t u d e ,  i n s t r u m e n t  a t t i t u d e ,  commands, 
housekeep ing  data,  g round t ime,  s p a c e c r a f t  t ime,  d a t a  f rom oTher  
i n v e s t i g a t i o n s  and o t h e r  i n f o r m a t i o n  as agreed upon. The e x a c t  
fo rm o t  t h e s e  r e c o r d s  and manner i n  wh ich  t h e s e  d a t a  a r e  
p r o v i d e d  may .vary depending upon t h e  p o l i c i e s ,  p rocedures ,  and 
c a p a b i l i t i e s  o f  t h e  p r o J e c t ,  t h e  pay load  o r  m i s s i o n  c o n t r o l  
c e n t e r s ,  t h e  d a t a  a c q u i s i t i o n  network,  and any s u p p o r t  
p r o c e s s i n g  f a c i l l t i e s .  These r e c o r d s  s h a l l  be s p e c i t l e d  i n  t h e  
P r o j e c t  Data  Management Plan.  
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F a c I l I t y - C l a s s  Pay load  M i s s i o n  - A m i s s i o n  i n  w h i c h  t h e  p a y l o a d  
Is an i n s t r u m e n t  o r  s e t  o f  i n s t r u m e n t s  wh ich  s e r v e  as a f a c l l i t y  
f o r  a l a r g e  group o f  Guest  I n v e s t i g a t o r s  who may be s e l e c t e d  a t  
d l f t e r e n t  t i m e s  th roughouT t h e  l l t e  o f  t h e  m i s s i o n  t o  
p a r t l c l p a t e .  T h i s  t y p e  o f  m i s s i o n  may n o t  have P r i n c i p a l  
f n v e s t i g a t o r s  or  Team Leaders  ana a 1 1  t h e  d a t a  c o l l e c t e d  f rom 
such a mlss ion  Is g e n e r a l l y  m a i n t a l n e d  by t h e  p r o j e c t  f o r  use by 
Guest  I n v e s t i g a t o r s .  A v a l l a b l l i t y  of d a t a  t o r  t n e  s c l e n t l t l c  
community a t  l a r g e  s h a l l  be s p e c i f i e d  a t  t h e  P r o j e c t  Da ta  
Management Plan. 
F a l s e  Color Composl te - An Image formed b y  a s s i g n l n g  c o l o r s  t o  
two o r  more b l a c k  and w h l t e  Images o f  t h e  same scene and 
comb in ing  them i n  a computer  or  on f i l m  t o  f o r m  a s i n g l e  image. 
The r e s u l t i n g  Image p t n p o i n t s  d i f f e r e n c e s  and s i m I l a r l t l e s  
between t h e  o r i g i n a l  Images. 
0 
F i e l d  o f  View (FOV) - The s o l l d  a n g l e  t h r o u g h  w h i c h  an 
t o  r a d i a t f o n .  
o f  some p h y s i c a l  q u a n t i t y ,  u s u a l l y  
I n s t r u m e n t  Is s e n s i t i v e  
FL - Foca l  Length  
F I  ux - The r a t e  of f l o w  
energy .  
F o o t p r i n t  - The a r e a  on 
remote  sens I ng dev 1 ce; 
o f  t h e  beam w l d t h  ( i n  r 
s e n s i n g  p l a t f o r m .  
t h e  s u r t a c e  b e i n g  I n v e s t l g a t e d  by a 
t is a p p r o x i m a t e l y  g l v e n  by t h e  p r o d u c t  
d l a n s )  t i m e s  t h e  a l t l t u d e  of  t h e  remo ie  
FORTRAN - A commonly used, h i g h  l e v e l  a l g e b r a i c  language f o r  
c o d i n g  computer a l g o r i t h m s  ( d e r i v e d  from FORmual TRANs la t l on ) .  
FOV - F i e l d  o f  View 
FSK - Frequency S h i f t  Key 
Gamma - U n i t  o f  magne t i c  f i e l d  s t r e n g t h  equa l  t o  0.00001 gauss 
( E a r t h ' s  s u r f a c e  magne t l c  f l e l d  s t r e n g t h  Is a b o u t  0.5 gauss o r  
50,000 gammas) . 
GBlS - Geo-Based I n f o r m a t i o n  System 
Geo 
Ear  
o f  
s t a  
t h  
r e v  
t l o n a r y  S a t e l  I i t e  - An e q u a t o r l a l  s a t e l  I f t e  c l r c l  i n g  t h e  
a t  such a h i g h  a l t i t u d e  ( a b o u t  36,000 k m )  t h a t  I t s  p e r i o a  
o l u t l o n  abou t  t h e  E a r t h  matches t h e  E a r t h ' s  r o t a t i o n a l  
p e r i o a ;  t h e  s a t e l l l t e  appears f i x e d  I n  t h e  sky t o  an o b s e r v e r  on 
t h e  s u r f a c e ,  and t h e  s u r f a c e  o f  t h e  E a r t h  appears  f l x e d  t o  t h e  
s a t e i  i l i e .  A l s o  c a l  l e d  geosynchronous. 
G I s  - GeographIc I n f o r m a t i o n  System 
a 
GMT - Greenwich Mean Time 
G O t S  - G e o s t a t i o n a r y  O p e r a t i o n a l  E n v l r o n m e n t a l  S a t e l l i t e  
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GRD - Ground Reso lve  D i s t a n c e  
Grouna T r u t h  - I n f o r m a t i o n  o b t a i n e d  on s i t e ;  f r e q u e n t l y  used t o  
a s s i s t  and c o r r o b o r a t e  I n t e r p r e t a t i o n  o f  r e m o t e l y  sensed d a t a .  
Guest  I n v e s t  I g a t o r  ( G I  1 - I n v e s r i  g a t o r  se I e c t e d  t o  c o n d u c t  
o b s e r v a t i o n s  and o b t a i n  d a t a  w i t h i n  t h e  capab i  I I t y  of  a NASA 
m i s s i o n ,  wh ich  a r e  a d d i t i o n a l  t o  t h e  m i s s i o n l s  p r i m a r y  
o b J e c t I v e s ,  o r  f o r  a f a c l l l t y - c l a s s  p a y l o a d  m i s s i o n .  
H/W - Hardware 
Hardware - The p h y s t c a l  components o f  a compurer.  
HDDT - H i g h  D e n s i t y  D i g i t a l  Tape 
HDT - Hfgh  D e n s i t y  Tape 
HDTR - Hfgh D e n s i t y  Tape Recorder  
Hea t  t i u x  - The r a t e  of  f l o w  o f  hear  energy t h r o u g h  an o b j e c t .  
H i g h  L e v e l  Programming Language - A programming language (such  as 
FORTRAN) wh ich  Is c l o s e  t o  everyday, w r i t t e n  language; a s i n g l e  
I I n e  o f  code w r i t t e n  I n  a h I g h  l e v e l  language can  r e p r e s e n t  
dozens o f  machine i n s t r u c t i o n s .  
HOH - H o t l i n e  O b l i q u e  M e r c a t o r  
Human E n g i n e e r i n g  - The d e s i g n  and i m p l e m e n t a t i o n  o f  systems 
t a k i n g  human p s y c h o l o g f c a l  concerns  I n t o  consideration. 
I / O  - I n p u r / O u t p u t  
I B I S  - Image Based I n f o r m a t i o n  System 
IFOV - I n s t a n t a n e o u s  F i e l d  o f  VIew 
I G  - l n f t i a i  Gap 
Image - The r e p r e s e n t a t i o n  o f  a scene as r e c o r d e d  by a remore 
s e n s i n g  system ( I n c l u d e s  b o t h  machIne-readable s t o r a g e  and p h o t o  
p r o a u c t s ) .  
Image C l a s s i t i c a t l o n  - A n a l y s I s  o f  d i g i t a l  image va lues ,  
i n c l u d f n g  s p a t i a l ,  t empora l ,  and s p e c t r a l  band r e l a t i o n s h i p s ,  t o  
o b t a i n  c a t e g o r i e s  o f  p i x e l s  or  s p e c f t i c  f e a t u r e s .  
Image D i s p l a y  T e r m i n a l  - D i s p l a y s  c o l o r  and/or  b l a c k  and w h i t e  
Images on a t e l e v i s i o n  screen.  T h e r e  may be an a i t a c h e d  
f u n c t i o n  keyboard  t o  c o n t r o l  m a n i p u l a t i o n  of  t h e  image. 
O t h e r w i s e  m a n i p u l a t i o n  i s  per to rmed v i a  t h e  computer  t o  
w h l c h  t h e  t e r m i n a l  i s  connected 
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In-code Documentat ion - The l e v e l  a t  wh ich  comments have been 
added t o  t h e  program's sou rce  code. A wel l -documented program Is 
e a s i e r  t o  mod i fy  o r  t r a n s p o r t .  
I n f o r m a t i o n  - Da ta  t h a t  have been processed f o r  a p a r t i c u l a r  use. 
I n p u t  - I n f o r m a t l o n  o r  d a t a  t r a n s f e r r e d  o r  t o  be t r a n s f e r r e d  f r o m  
an e x t e r n a l  s ro rage  medium i n t o  t h e  i n r e r n a i  s t o r a g e  o f  t h e  
computer .  
Inpu+/Outpur  Hand le r  - The s o f t w a r e  w h i c h  c o n t r o l s  access  f rom 
t h e  CPU t o  p e r i p h e r a l  dev ices ,  i n c l u d i n g  s t o r a g e  u n l t s  and 
d i s p l a y  t e r m i n a l s .  T h i s  s o t t w a r e  may be w r i t t e n  f o r  use by a 
s i n g l e  program, s e p a r a t e  package o f  s u b r o u t i n e s  w h l c h  a r e  used by 
s e v e r a l  programs, o r  a s e p a r a t e  package s u p p l i e a  w i r n  t n e  
computer .  
a 
a 
I n t e r a c t i v e  - A method o f  o p e r a t l o n  t h a t  a l l o w s  i n s t a n t a n e o u s  
communica t ion  between man and machine. 
a 
I n t e r o p e r a b i l i t y  - E l e c t r o n i c  i n t e r c o n n e c t i o n  o f  NCE modules, 
w i t h  a p p r o p r l a t e  s u p p o r t i n g  s o f t w a r e ,  a l l o w i n g  s e q u e n t i a l  and 
c o n c u r r e n t  e x e r c i s e  o f  system f u n c t i o n a l i t y  I n  a q u a s i -  
homogeneous and c o n v e n i e n t  way, and a l l o w i n g  a u t o m a t i c  m i g r a t i o n  
o f  i n f o r m a t i o n  among modules. 
I n t e r v a l  - 1 )  The t i m e  between t w o  events ;  21 a s  a measurement 
s c a l e ,  d e s c r i b e s  r a n k s  and c l a s s e s  of  d a t a  where t h e  d i f f e r e n c e  
between t n e  ranks  I s  d e f i n e d  and c o n s t a n t ,  b u t  may be a r b i t r a r y  
(e.g., C e l s i u s  and F a h r e n h e l t  t e m p e r a t u r e  s c a l e s ) .  
I n v e n t o r y  - A c o l l e c t i o n  o f  I n f o r m a t i o n  abou t  t h e  g r a n u l e s  o t  a 
d a t a  s e t .  (Note t h a t  i n v e n t o r i e s  g l v i n g  names, l o c a t i o n s ,  and 
inoepenaent  v a r i a b l e  ranges  o f  d a t a  s e t  g r a n u l e s  may need t o  
be d i s t i n g u i s h e d  from t h o s e  i n v e n t o r i e s  c h a r a c t e r i z i n g  d a t a  
s e t  g r a n u l e s  by t h e i r  c o n t a i n e d  d a t a  - e.g., % c l o u d  
cove rage  . 1 
I n v e s t i g a t i o n  - A c t i v i t y  o r  e f t o r t  aimed a-r t h e  g e n e r a t i o n  o t  
d a t a  o b t a f n e d  by measurement o f  space phenomena o r  t h e  use o f  
space t o  observe e a r t h  phenomena and t h e  r e s u l t i n g  a n a l y s i s  o f  
such da ta .  
I n v e s t i g a t o r  - A p a r t l c l p a n t  i n  an i n v e s t i g a t i o n .  T h i s  t e r m  may 
r e f e r  t o  a P r l n c i p a l  I n v e s t i g a t o r ,  C o - I n v e s t i g a t o r ,  Team Leader ,  
team member, Guest I n v e s t i g a t o r ,  o r  any o t h e r  member o f  an 
i n v e s t i g a t i o n  group. 
I R  - I n f r a r e d  
I R G  - I n t e r - r e c o r d  Gap 4 
JPL - J e t  P r o p u l s f o n  Lab (NASA, Pasadena, C A I  
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e JSC - Johnson Space Center  (NASA, Houston, TX) 
KBPS - K 1  l o b l t s  Per  Second 
L/C - Land Cover 
L/S - L a n d s a t  
a 
L/U - Land Use 
LACIE - L a r g e  Area Crop I n v e n t o r y  Exper imen t  
Land Use - Human-Imposed f u n c t l o n s  o f  a l a n d  area .  
e 
Lanacover  - The v e g e t a t i o n  and a r t l t i c l a l  c o n s t r u c t i o n s  c o v e r i n g  
a l a n d  s u r f a c e .  
LANDSAT - Lana S a t e l l i t e  ( F o r m a l l y  C a l l e d  ERTS) 
0 
e 
0 
0 
0 
L a n d s a t  - A s e r l e s  of E a r t h - o b s e r v i n g  s a t e l l l t e s  t h a t  s e r v e  as 
p l a t r o r n s  f o r  t h e  RBV and MSS I n s t r u m e n t s  and w l i i  s e r v e  as a 
p l a t f o r m  f o r  t h e  Themat fc  Mapper. 
Language Percen tages  - The f r a c t i o n  o f  a program o r  pacKage wh ich  
Is w r l t t e n  I n  each o f  s e v e r a l  languages. 
L e v e l  of Man-Machine l n t e r t a c e  - The e x l s t e n c e  or e x t e n t  o f  
d i a l o g u e  between t h e  computer program and t h e  use r .  The h l g h e s t  
l e v e l  o f  I n t e r f a c e  c o n s i s t s  o f  ques t lon /answer  or  menu-dr iven  
prggrams; t h e  l o w e s t  l e v e l  of ir??eriace ? n c ! u d e s  b a t c h - s u b m i t t a l  
o f  j o b s  v i a  c a r d s  o r  c a r d  Images. 
LFC - L a r g e  Format  Camera 
LIDAK - L l g h t  D e t e c t i o n  and Rangfng 
LL - L l n e  by L l n e  
LLA - A d j u s t e d  L l n e  Leng th  
L o c a t t o n a l  l d e n t i t l e r  - A means o f  a s s i g n l n g  c o n t e n t  d a i a  TO 
s p a t l a l  e n t l t f e s .  I n c l u d e s  e x t e r n a l  d e s c r l p t l v e  I d e n t l f l e r s ,  
such as c o u n t y  name, f d e n t i t i e r s  w h i c h  a s s i g n  c o n t e n t  d a t a  t o  . 
l o c a t i o n  w l t h l n  an a r r a y  of d l s c r e t e  U n i t s  (e.g., p i x e l s ) ,  and 
c o o r d f n a t e  i d e n t l t i e r s  r e l a t e d  t o  an o r i g i n .  
Low L e v e l  Programmlng Language - A programmlng language v e r y  
c l o s e  t o  t h e  a c t u a l  compu-ter i n s t r u c t i o n  s e t ;  commonly c a l l e d  an 
assembly language (compare w l t h  "H lgh  L e v e l  Programmlng 
Language") .  
LP - L i n e  P r i n t e r  
LPM - Load P o i n t  Marker  
a 
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Machlne Language - The computer  l n s t r u c t l o n  s e t  ( u s u a l l y  
r e p r e s e n t e d  J u s t  by numbers; I f  c h a r a c t e r s  and numbers a r e  used, 
t h l s  becomes assembly language) .  
Magnetometer - A d e v l c e  f o r  measur lng  Magne t i c  f i e l d s .  
MAGSAT - Magnet lc  F l e l d  S a t e l l l t e  (U.S.) 
Manual C l a s s i t i c a t i o n  - The l d e n t i t i c a t i o n  o f  f e a t u r e s  on  a e r i a l  
o r  s a t e l l l t e  photographs  by tone,  c o l o r ,  t e x t u r e ,  p a t t e r n ,  shape, 
ana s i z e .  
Map - U s u a l l y  a two d lmens lona l  r e p r e s e n t a t i o n  o f  a l l  o r  p a r t  o f  
t h e  E a r t h ' s  su r face ,  showlng s e l e c t e d  n a t u r a l  o r  man-made 
f e a t u r e s  o r  data, p r e t e r a b l y  c o n s t r u c t e d  on a d e f i n i t e  p r o J e c t l o n  
w l t h  a s p e c i f l e d  s c a l e ;  I n c l u d e s  d l g l t a l  maps, and o t h e r  s p e c l a l  
maps . 
Map P r o j e c t l o n  - See P r o j e c t l o n .  
MAPSAT - Mapplng S a t e l l f t e  (U.S.) 
Maxlmum L l k e l l h o o o  R u l e  - A s t a t i s t i c a l  d e c l s l o n  c r i t e r i o n  t o  
a s s i s t  I n  t h e  c l a s s l f l c a t l o n  o f  o v e r l a p p i n g  s l g n a t u r e s ;  
o v e r l a p p i n g  u n i t s  a r e  ass lgned  t o  t h e  c l a s s  o f  h i g h e s t  
p r o b a b f l l t y .  
MCR - M o n i t o r  Console R o u t l n e  
Measurement Sca le  - A system f o r  q u a n t i t y i n g  o b s e r v a t i o n s  
a c c o r d l n g  t o  p rede te rm ined  r u l e s ,  wh lch  d e f l n e  f o u r  s u c c e s s f u l l y  
g r e a t e r  l e v e l s  o f  d a t a  p r e c l s l o n  (nomina l ,  o r d l n a l ,  I n t e r v a l ,  ana 
r a t l o ) ;  see S e c t l o n  2.2.7. 
Medlum - P h y s i c a l  d e v i c e  on wh ich  d a t a  a r e  s t o r e d ,  such as a 
p h o t o g r a p h i c  p roduc t ,  map, t a b l e ,  card,  o r  m a g n e t l c  t a p e .  
Memory - An o r g a n i z a t i o n  o f  d a t a  s r o r a g e  u n i t s  I n  t h e  computer;  
a l s o  t h e  amount o f  ma ln  c o r e  s t o r a g e  r e q u f r e d  f o r  a computer  
tasK, p r o v i d e d  by d l r e c t  access  v l a  t h e  c e n t r a l  p r o c e s s i n g  u n i r .  
M f s s l o n  - One o r  more f l l g h t s  w l t h l n  an approved p a y l o a d  p r o j e c t .  
M l s s i o n  S c i e n t i s t  - A s c l e n t i s t  f rom a N A S A  f i e l d  c e n t e r  a s s l g n e d  
t o  a Spacelab m lss lon ,  t h e  M l s s i o n  S c l e n t l s t  has  s l m l l a r  
f u n c T i o n s  as t h e  P r o J e c t  S c l e n t i s t  w l t h  t h e  e x c e p t i o n  o f  d l r e c t  
r e s p o n s l b l l l t y  f o r  t h e  development  o f  any e x p e r l m e n t s .  
MLA - M u l t l - L l n e a r  A r r a y  
MPP - Mass ive l y  P a r a l l e l  P rocesso r  - GSPC 
MSS - M u l t l s p e c t r a i  Scanner 
MTU - Magnet lc  Tape U n l t  
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e M u l t i s p e c t r a l  ( l i n e )  Scanner ( M S S )  - A remote  s e n s i n g  d e v i c e  
c a p a b l e  o f  r e c o r d i n g  d a t a  i n  t h e  v i s i b l e  and i n f r a r e d  p o r t i o n s  of 
t h e  spect rum. 
N a d i r  - The p o i n t  on t h e  ground v e r t i c a l l y  beneath  t h e  c e n t e r  o f  
t h e  remote  s e n s i n g  system; a l s o  c a l l e d  t h e  s u b - s a t e l l i t e  p o i n t .  
e 
NASA - N a t i o n a l  A e r o n a u t i c s  and Space A d m i n i s t r a t i o n  
e 
e 
e 
0 
e 
e 
e 
e 
NASA C a t a l o g  Env i ronmen t  (NCE) - The a g g r e g a t i o n  o f  t h e  d a t a  
I n f o r m a t i o n  modules ( d i r e c t o r i e s ,  c a t a l o g s ,  i n v e n t o r i e s )  o f  
NSSDC, p r o j e c t -  and d i s c l p l i n e = s p e c i f i c  systems, and o f  
f n a l v i d u a l  s c i e n t i s t s ;  t h e  i n t e r f a c e s  t o ,  and l i n k s  among, t h e s e  
modules; t h e  use and management o f  t h e s e  modules; e t c .  ( N o t e  
t h a t  NCE is v iewed more as a c o o r d l n a r e d  g r o u p i n g  o f  systems 
r a t h e r  t h a n  as a s i n g l e  supersystem. 
NASCOH - NASA Communicattons Network 
N a t i o n a l  Space Sc ience  Data Center  (NSSDC) = The main c e n t r a l  
r e p o s i t o r y  f o r  s e l e c t e d  d a t a  ana documen ta t i on  f r o m  space s c i e n c e  
f l i g h t  m i s s i o n s  t h a t  s e r v e s  as  a d i s s e m i n a t o r  o f  t h i s  a r c h i v e d  
d a t a  ana s u p p o r t i n g  i n f o r m a t i o n  t o  u s e r s  t h r o u g h o u t  t h e  
l n t e r n a t l o n a l  s c i e n t i f i c  community. The NSSDC, l o c a t e d  a t  
Goddard Space F l l g h t  Center ,  se rves  as a s w i t c h i n g  c e n t e r  t o r  
r e q u e s t e r s  who d e s i r e  d a t a  s t i l l  h e l d  i n d i v i d u a l l y  by P r i n c i p a l  
I n v e s t i g a t o r s  ( P I S )  o r  Team Leaders (TLs )  by p r o v i d i n g  a 
d e s c r i p t i o n  o f  t h e  s p a c e c r a f t  and e x p e r i m e n t  and t h e  name, 
abersss ana t e l e p h o n e  number o f  ?.he P !  or TL. F o r  m ! s s ? n n s  
i n v o l v i n g  a Guest  I n v e s t i g a t o r  program I n  a s s o c i a t i o n  w i t h  a P I  
o r  TL e x p e r i m e n t  o r  i n v o l v i n g  a f a c i l i t y - c l a s s  payroad t n e  r o l e  
o f  t h e  NSSDC s h a l l  be s p e c i f i e d  I n  t h e  P r o j e c t  Da ta  Management 
P lan .  
N C l C  - N a t i o n a l  C a r t o g r a p h i c  I n f o r m a t i o n  Cen te r  ( U S G S )  
Nimbus - A s e r i e s  o f  E a r t h - o b s e r v i n g  e x p e r i m e n t a l  wea the r  
s a t e l l i t e s  c a r r y i n g  a v a r r e t y  of  sensors ;  t h e  l a s r  o f  t h e  s e r i e s  
(Nimbus-7) was launched l a t e  i n  1978. 
NMU - N a t i o n a l  Mapping D i v i s i o n  ( U S G S )  
NOAA - N a t i o n a l  Ocean ic  and Atmospher ic  A d m i n i s t r a t i o n  
Nominal  - As a measurement sca le ,  d i s t i n g u i s h e s  t h i n g s  o n l y  on 
t h e  b a s i s  o f  t h e i r  i n t r i n s i c  c h a r a c t e r  ( d i f f e r e n c e  I n  k i n d ,  e.g., 
app les ,  o ranges ) .  
NOS - N a t i o n a l  Ocean Survey 
NRZ - Non-Return t o  Zero 
NSF - N a t i o n a l  Sc ience  Founda t ion  
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NSTL - N a t i o n a l  Space Technology L a b o r a t o r y  (Bay S t ,  Lou is ,  M I )  
N T l S  - N a t i o n a l  T e c h n i c a l  I n f o r m a t i o n  S e r v i c e  
OCS - Ocean Co lo r  Scanner 
O f f - l i n e  - P e r i p h e r a l  equipment  t h a t  I s  n o t  under  t h e  c o n t r o l  of 
t h e  CPU, as c o n t r a s t e d  t o  o n - l i n e .  
O f f - n a d i r  Vfewlng - I n t e r c e p t i n g  e l e c t r o m a g n e t i c  r a d i a t i o n  a l o n g  
a d i r e c t i o n  o t h e r  t h a n  t h e  v e r t i c a l  ( n a d i r )  between t h e  sensor  
ana t n e  o b j e c t  b e i n g  sensed ( n o r m a l l y  t h e  E a r t h ) ,  
OMB - O f f i c e  o f  Management and Budget  
O n - l i n e  - Under d i r e c t  c o n t r o l  o f  t h e  C e n t r a l  P r o c e s s i n g  U n i t .  
O p e r a t i n g  System - The h i g h - l e v e l  a d m i n i s t r a t i v e  program r u n n i n g  
I n  a computer  a t  a l l  t i m e s  wh ich  c o n t r o l s  t h e  o v e r a l l  o p e r a t i o n  
o f  t h e  computer and I t s  t a s k s .  
O r d i n a l  - As a measurement sca le ,  d i s t i n g u i s h e s  t h i n g s  on t n e  
b a s i s  of  r a n k  by some q u a n t i t a t i v e  measure (e.g., sma l l ,  medium, 
I a r g e )  . 
OSTA - O f f i c e  o f  Space and T e r r e s t r i a l  A p p l i c a t i o n s  ( N A S A )  
O u t p u t  - I n f o r m a t i o n ,  data,  o r  o t h e r  r e s u l t s  o f  a computer  
o p e r a t i o n  which a r e  r e c o r d e d  on some e x t e r n a l  s t o r a g e  d e v i c e  
( tape ,  d i s k ,  p r i n t e r ,  e t c . ) .  
P a s s i v e  System - I n  remote  sensing,  a system t h a t  responds  t o  
e l e c t r o m a g n e t l c  r a d i a t i o n  wh ich  Is e i t h e r  e m i t t e d  by t h e  o b j e c t  
o r  coming f rom a n a t u r a l  source, such as t h e  sun, and i s  
r e f l e c t e d  o r  s c a t t e r e d  by t h e  o b j e c t  (compare w i t h  A c t i v e  
System) . 
P e r i p h e r a l  Dev ice  - A d e v i c e  connected  t o  a computer  t o  p r o v i d e  
communica t ion  (e.g., a lphanumer i c  t e r m i n a l ,  p r i n t e r ,  p l o t t e r )  o r  
a u x i  I i a r y  f u n c t i o n s .  
P I  - Pho to  I n t e r p r e t a t i o n  
P I  - P r l n c I p a l  I n v e s t i g a t o r  
P i x e l  - " P i c t u r e  e lement" :  The s m a l l e s t  u n i t  of  s u r t a c e  
r e f l e c t a n c e  measured by a sensor  system. 
P l a t t o r m  - I n  remote  sens lng ,  t h e  p h y s i c a l  o b j e c t  (e.g., b a l l o o n ,  
r o c k e t ,  o r  s a t e l l i t e )  t h a t  c a r r i e s  t h e  i n s t r u m e n t  ( s e n s o r )  t h a t  
makes t h e  remote measurement. 
0 
0 
0 
0 
0 
0 
P l o t t e r  - A p r i n t e r  used t o  r e c o r d  non-a lphanumer ic  i n f o r m a t i o n ,  
such as graphs  o r  images, on paper.  
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PMT - P h o t o m u l t i p l i e r  Tube 
P r e c i s i o n  - The degrees of  exac tness  w i t h  w h i c h  a q u a n t i t y  i s  
s t a t e d ;  c o n t r a s t  w i t h  "accuracy,"  w h i c h  r e f e r s  t o  t h e  absence o f  
e r  r o r  , r e g a r d  I e s s  o f  p r  ec 1 s 1 on. 
P r e p r o c e s s i n g  - M a n l p u l a t l o n  o f  raw d a t a  t o r  s - r a n d a r d i z a t l o n  
p r i o r  t o  f u r t h e r  a n a l y s i s .  
P r l n c i p a l  l n v e s t t g a t o r  ( P I )  - A person who c o n c e i v e s  an 
i n v e s t f g a t i o n  and i s  r e s p o n s i b l e  f o r - c a r r y i n g  it ou t ,  r e p o r t i n g  
i t s  r e s u l t s ,  ana p r o v i d i n g  a p p r o p r i a t e l y  s e l e c t e d  daTa and 
s u p p o r t i n g  documen ta t i on  t o  t h e  scientific community I n  
accordance w i t h  t h e  P r o j e c t  Data  Management P lan .  The P I  
chooses h l s  C o - I n v e s t i g a t o r s  and a s s i g n e r  them r o l e s  and 
p r i v i l e g e s .  The P I  i s  t h e  pr l rnary p o i n t  o f  c o n t a c t  w i t h  
t h e  p r o j e c t  o f f i c e  r e g a r d i n g  t h e  I n v e s t i g a t l o n .  
P r i n t e r  - An o u t p u t  d e v i c e  used t o  r e c o r d  t h e  o u t p u t  ( u s u a l l y  
a l p h a n u m e r i c )  on paper.  
Program S c i e n t l s t  - A NASA Headquar te rs  o f t l c i a l  ass igned  t o  each 
m i s s i o n  who has a number o f  r o l e s  and r e s p o n s i b i l i t i e s  d e f i n e d  I n  
NASA Management I n s t r u c t i o n  7100.11 ,  At tachmen t  D. The most  
r e l e v a n t  one f o r  t h i s  s u b p a r t  i s  t h e  r e s p o n s i b i l i t y  t o  e s t a b l i s h  
t h e  a a t a  a n a l y s i s ,  d a t a  d i s s e m l n a t l o n ,  and d a t a  a r c h i v i n g  
p n ! ! c ! a s  f o r  t h e  m i s s i o n ,  wh ich  w i l l  be documented i n  t h e  P r o j e c t  
Da ta  Management P lan .  
F r o j e c i  Data  Management P l a n  (PPMPI = A p!ar!  t n a ?  a d o r a s s a s  ?ne 
t o t a l  a c t i v i t y  a s s o c i a t e d  w i t h  t h e  d a t a  a c q u i r e d  by a m i s s i o n  
from t h e  d e l i v e r y  of t h e  Exper iment  Da ta  Records t o  t n e  
I n v e s t i g a t o r s  t o  t h e  d e l i v e r y  o f  s e l e c t e d  reduced  and a n a l y z e d  
r e c o r d s  a l o n g  w i t h  s u p p o r t i n g  documenta t ion  t o  a s p e c i t l e d  
r e p o s i t o r y .  The p l a n  s h o u l d  p r o v i d e  t h e  m i l e s t o n e s  i n  t h e  d a t a  
r e d u c t i o n ,  d a t a  i n t e r p r e t a t i o n ,  and r e s o u r c e  r e q u l r e m e n t s  f o r  
t h e s e  phases. Any p lanned  d a t a  i n t e r p r e t a t i o n  meet ings ,  
workshops, o r  o t h e r  a c t i v l t l e s  shou ld  be I d e n t i t l e d .  The t y p e  o f  
d a t a  r e c o r d s ,  d a t a  p r o d u c t s  and c o m p i l a t i o n s  t h a t  have been 
s e l e c t e d  I n  c o n c e r t  by t h e  I n v e s t i g a t o r s ,  t h e  P r o j e c t  S c i e n t l s T ,  
t h e  NSSDC a c q u i s i t i o n  manager, and any a p p r o p r i a t e  s c i e n t i f i c  
a d v i s o r y  pe rsonne l  f o r  genera l  a v a i i a b l l l t y  t o  t h e  i n t e r n a t t o n a l  
s c l e n t i f l c  community and f o r  d e l i v e r y  t o  a d l s s e m i n a t l n g  
r e p o s i t o r y ,  such as t h e  NSSDL;, s h a l l  be s p e c i f l e d .  F o r  m i s s i o n s  
where t h e  d a t a  w i l l  be m a i n t a i n e d  f o r  many y e a r s  by t h e  p r o j e c t ,  
t n e  P r i n c i p a l  l n v e s t l g a t o r  h a n d l i n g  a Guest  I n v e s t i g a t o r  
program, or by an i n s t i t u t e  e s t a b l l s h e d  by t h e  m iss ion ,  t h e  
e v e n t u a l  t r a n s f e r  of  a p p r o p r i a t e  d a t a  t o  a more permanent 
a r c h i v e ,  such as NSSDC o r  o t h e r  r e p o s i t o r y ,  s h a l l  be s p e c i f i e d .  
C o n a f t i o n s  t o r  d i s c a r d i n g  o r  d e s t r o y i n g  t h e  Exper imen t  Da ta  
Records  sha l  I be s p e c i f  led .  
P r o j e c t  S c i e n t i s t  - A s c i e n t i s t  f rom a NASA f l e l d  c e n t e r  a s s i g n e d  
t o  a p r o j e c t  t o  manage t h e  s c l e n t i f l c  aspec ts .  The r o l e s  and 
r e s p o n s i b i l i t i e s  o f  t h i s  f u n c t l o n  a r e  g i v e n  i n  NASA Management 
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P r o J e c t i o n  - A s y s t e m a t i c  c o n s t r u c t i o n  o f  f e a t u r e s  on a p l a n e  
s u r f a c e  t o  r e p r e s e n t  c o r r e s p o n d i n g  f e a t u r e s  on a s p h e r i c a l  
surTace.  These t e a t u r e s  i n c l u d e  o b s e r v a b l e  phenomena (e.g., 
p h y s i c a l  and c u l t u r a l  f e a t u r e s  such as c o a s t l i n e s  and h ighways)  
a s  w e l l  as c o n s t r u c t s  (e.g., l i n e s  t o  r e p r e s e n t  p a r a l l e l s  and 
m e r i d i a n s ,  p o i  i t i c a l  boundar ies ,  o r  s t a t i s t l c a l  u n i t s )  . 
P r o x i m a l  Sensing - O b t a i n l n g  i n f o r m a t i o n  by making d i r e c t ,  
p h y r l c a l  c o n t a c t  w i t h  i t  (compare t o  " remote s e n s i n g " ) ;  a l s o  
mak ing  d i r e c t  o r  i n - s i t u  measurements. 
PS - P o l a r  S t e r e o g r a p h i c  (Map P r o J e c t i o n )  
PSK - Phase S h i t T  K e y i n g  
QA - Q u a l i t y  Assurance 
R / S  - Remote Sensing 
R&D - Research and Development 
Rad iance - F l u x  of  r a d i a n t  ( e l e c t r o m a g n e t i c )  ene rgy  measured i n  
power u n i t s  (e.g., w a t t s ) ;  f r e q u e n t l y  con fused  w i t h  r a d i a n c y  
( f l u x  d e n s i t y  p e r  s o l i d  angle,  commonly measured I n  u n i t s  o f  
w a t t s  cm-2 s te rad -1  1 . 
Radiometer  - A p a s s i v e  d e v i c e  f o r  i n t e r c e p t i n g  and q U a n t i t a t l V 0 l y  
measur ing  e l e c t r o m a g n e t i c  r a d i a t i o n  i n  some bank o f  wave length .  
R a d i o m e t r i c  C h a r a c t e r i s t i c s  - C h a r a c t e r i s t i c s  o f  a r a d i o m e t e r  
t h a t  h e l p  t o  d e f i n e  i t s  r e s o l u t i o n .  
R a t i o  - A measurement sca le ;  d i s t i n g u i s h e s  t n i n g s  on t h e  b a s l s  o f  
magni- image l i n e  by l i n e .  
R a t i o  - As a measurement sca le ,  d l s t i n g u i s h e s  t h i n g s  on t h e  b a s i s  
o f  magn i tudes  t h a t  a r e  i n t r i n s i c a l l y  m e a n i n g f u l  by use o f  a non- 
a r b i t r a r y  z e r o  p o i n t  (e.g., age o r  K e l v i n  t e m p e r a t u r e  s c a l e ) .  
Rawinsonde - An i n s t r u m e n t  b a l l o o n  c a r r y i n g  t e m p e r a t u r e  and 
h u m i d i t y  probes i n  a d d i t i o n  t o  a r a d l o  wh ich  t r a n s m i t s  t n e  
i n f o r m a t i o n  t o  an E a r t h  s t a t i o n .  
RBV - R e t u r n  Beam V i d i c o n  
R e c t i t i c a t i o n  - The p rocess  of  p r o J e c t i n g  an o b l i q u e  o r  t i l t e d  
image o n t o  a h o r i z o n t a l  p l a n e  t o  p roduce t h e  e q u i v a l e n t  o f  an 
u n t i  I t e d  image. 
Reduced Da ta  Records (RDRs) - Those r e c o r d s  p r e p a r e d  f rom t h e  
Exper imen t  Data Records by a p p l y i n g  c o r r e c t i o n s ,  where 
a p p l i c a b l e ,  f o r  t empera tu re ,  v o l t a g e ,  g a i n  change, o f t s e f s ,  dead 
t ime ,  d r i f t  and o t h e r  known i n s t r u m e n t  changes, as w e l l  as 
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e l l m l n a t l n g  unusab le  n o l s y  p e r l o d s  and p e r i o d s  o f  q u e s t i o n a b l e  
I n s t r u m e n t  per tormance.  The Reduced Da ta  Record s h o u l d  c o n t a i n  
a l l  t h e  b a s i c  and s u p p o r t i n g  measurements o b t a l n e d  f rom t h e  
exper iment ,  such as t ime,  p o s i t i o n ,  a t t l t u d e ,  s e t t l n g s  of  
I n s t r u m e n t  by command, housekeeplng d a t a  and o t h e r  i n f o r m a t l o n  
neeaed t o  a n a l y z e  t h e  d a t a  i n  an Independen t  f a s h i o n .  V i s u a l  
data,  such as photographs  d e r i v e d  f r o m  lmag lng  p r o c e s s l n g  
techn iques ,  may a l s o  be cons ide red  as RDRs. 
R e g i s t r a t l o n  - S u p e r p o s l t l o n  of  p o l n t s  on  one Image w l t h  
c o r r e s p o n d l n g  p o l n t s  on  a second image o r  map o f  t h e  same scene. 
Remote Sens ing  - O b t a l n l n g  l n f o r m a t l o n  a b o u t  an o b j e c t  o r  
phenomenon w l t h o u t  d i r e c t  con tac t .  (Compare w i t h  Prox ima l  
Sens I ng . I  
Resampl ing - The use o f  mathemat ica l  o r  g e o m e t r i c a l  methods t o  
e s t l m a t e  v a l u e s  on  one c e l l  based s t r u c t u r e  f rom v a l u e s  
o r i g l n a i i y  g i v e n  on a n o t h e r  s t r u c t u r e ;  may I n c l u d e  I n t e r p o l a T i o n  
and e x t r a p o l a t l o n .  
R e s o l u t i o n  - The mlnlmum a r e a  of s u r f a c e  t h a t  can  be imaged by a 
remote  sensor  system. 
R e t u r n  Beam V l d i c o n  (RBV) - A m o d l f i e d  v i d l c o n  t e l e v i s i o n  camera 
t u b e  t h a t  p roduces  h f g h  r e s o l u t i o n  images. On L a n d s a t  1 and 2 
t h e r e  were  t h r e e  cameras o p e r a t i n g  I n  t h e  green, red,  ana I R  
s p e c t r a l  r e g i o n s  t o  f o r m  t h e  RBV system; L a n d s a t  3 nas two  b i a c k  
ana wh iTe  cameras each c o v e r i n g  h a l t  t h e  SWaTh w t d t h .  These 
images a r e  n o t  used as f r e q u e n t l y  as t h e  MSS Images. 
RF - R a d l o  Frequency 
RJE - Remote Job E n t r y  
RT - Real Tlme 
S/C - S p a c e c r a f t  
S/W - S o f t w a r e  
SAB - Space Appl i c a t i o n s  Board  ( N a t l o n a l  Research Councl  I 1 
SAR - S y n t h e t l c  A p e r t u r e  Radar 
0 
S c a l a r  - A q u a n t i t y  w l t h  a numerlc va lue .  
a 
a 
S c a l e  - The r a t i o  of d l s t a n c e  on a map, c h a r t ,  o r  p h o t o g r a p h l c  
Image t o  t h e  e q u l v a l e n t  d l s t a n c e  on t h e  E a r t h ' s  s u r t a c e .  
S c a l f n g  - T r a n s f o r m l n g  a d f s p l a y  by m u l t l p l y i n g  a l l  d lmens lons  by  
a c o n s t a n t  va lue ,  m a g n l f y l n g  o r  r e d u c i n g  f e a t u r e s .  
S c l e n t i f i c  and T e c h n i c a l  l n f o r m a t l o n  F a c i l l t y  (STIF)  - NASA's 
document and r e p o r t  a c q u l s i t i o n  and a b s t r a c t l n g  f a c i l i t y  t h a t  
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produces  a b l w e e k l y  a b s t r a c t  J o u r n a l ,  STAR, c o v e r f n g  t h e  
aerospace r e p o r t  l i t e r a t u r e  ana a b l w e e k l y  a b s t r a c t  J o u r n a l ,  
I A A ,  c o v e r f n g  t h e  p u b l l s h e d  l l t e r a t u r e  I n  t h e s e  f i e l d s .  The 
f a c l l i t y  a l s o  produces  m l c r o f l c h e  c o p l e s  o f  t h e  r e p o r t  
l l t e r a t u r e  f o r  p r l m a r y  d l s t r l b u t l o n .  
SEASAT - Sea S a t e l l l t e  ( U . S . )  
Seasat  - An E a r t h - o b s e r v i n g  satellite des igned  t o  g a t h e r  
l n f o r m a t l o n  about  t h e  oceans; launched I n  1978, d l e d  a b r u p t l y  
1 9 / 8 .  
Sensor - A dev l ce  t h a t  g a t h e r s  e l e c t r o m a g n e t i c  r a d f a t i o n  and 
p r e s e n t s  It I n  a fo rm s u i t a b l e  f o r  o b t a l n l n g  l n f o r m a t l o n  abou 
t h e  env I ronment. 
S l g n a t u r e  - A s e t  o f  s p e c t r a l ,  t o n a l ,  o r  s p a t i a l  c h a r a c t e r l s t  
w h i c h  t o g e t h e r  s e r v e  t o  I d e n t i f y  a c l a s s  or f e a t u r e  by remote  
sens ing .  
SLAK - S l d e  Lookfng A l r b o r n e  Radar 
SMS - Synchronous M e t e o r o l o g l c a l  S a t e l l l t e  
SMbA - Standard M e t r o p o l l t a n  S t a t i s t i c a l  Area 
SNR - S fgna l - to -No lse  R a t l o  ( a l s o  S / N )  
I n  
c s  
S o f t w a r e  - A computer program as w r i t t e n  i n  a ..Igh or low l e v e l  
language; may i n c l u d e  t h e  documen ta t l on  e x p l a l n l n g  t h e  program. 
S o f t w a r e  O r g a n i z a t l o n  - The manner I n  w h l c h  t h e  computer  program 
Is a r r a n g e d  i n  memory. The s l m p l e s t  o r g a n l z a t l o n  i s  one  t a s k  o r  
s e v e r a l  t a s k s  wh lch  execu te  s e r i a l l y .  The more s o p h i s t i c a t e d  
ar rangements  I n c l u d e  t a s k s  w h i c h  a r e  l l n k e d  t h r o u g h  t h e  o p e r a t i n g  
sys tem or  t h r o u g h  a un ique  ana s e l  t - c o n t a i n e d  I f n k l n g  program, 
and a s l n g l e  t a s k  decomposed t o  segments, wh lch  communfcate w l t h  
each o t n e r  b u t  e x e c u t e  I n d e p e n d e n t l y  one a t  a t l m e  ( o v e r l a y s ) .  
S o f t w a r e  T r a n s p o r t a b l l l t y  - A r a t i n g  g l v e n  t o  t h e  a n t l c l p a t e d  
ease w l t h  which a program c o u l d  be moved t o  a n o t h e r  computer.  
T h i s  r a t i n g  depends on t h e  s o f t w a r e ' s  m o d u l a r l t y ,  i t s  man-machlne 
I n t e r t a c e s ,  I t s  s i z e  and o r g a n i z a t i o n ,  and language I n  wh ich  It 
Is w r l t t e n ,  t h e  use  of 1/0 h a n d l e r s ,  and t h e  documen ta t l on  
a v a i  i a b l e .  
Space Sc lence F l i g h t  l n v e s t l g a t l o n s  - l n v e s t l g a t l o n s  o f  n a t u r a l  
phenomena o f  t h e  e a r t h  and I t s  env f ronment ,  t h e  moon, o t h e r  
p l a n e t s ,  t h e  sun, I n t e r p l a n e t a r y  space, and o t h e r  c e l e s t l a l  
o b j e c t  and r e g l o n s  made f rom a i r c r a f t ,  b a l l o o n s ,  sound fng  
r o c k e t s ,  s a t e l l i t e s ,  probes, and manned s p a c e c r a t t  f o r  t h e  
pu rpose  of  l n c r e a s l n g  b a s l c  knowledge of  t h e s e  n a t u r a l  phenomena. 
B i o l o g l c a l  i n v e s t i g a t l o n s  I n v o l v i n g  t h e  s e a r c h  f o r  
e x t r a t e r r e s t r f a l  l i f e  a r e  I n c l u d e d .  
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S p a t i a l  Da ta  - Phenomena w i t h  i m p l i c i t  o r  e x p l i c i t  l o c a t i o n a l  
i d e n t i t i e r s ;  i n c l u d e s  s p a t i a l  data c o n t e n t  and s p a r i a l  d a r a  
e n t i t i e s .  
S p a t i a l  Data  Con ten t  - D i r e c t  o r  i n d i r e c t  measurements t n a t  a r e  
s p a t i a l l y  d i s t r i b u t e d ,  w h i c h  means t h a t  t h e i r  v a l u e s  v a r y  f r o m  
one l o c a t i o n  t o  ano the r ,  and da ta  wh ich  r e l a r e  t o  a s i n g l e  
l o c a t i o n ,  where v a r i a t i o n  I n  v a l u e  o c c u r s  t h r o u g h  t ime .  
S p a t i a l  Data  E n t i t i e s  - P o i n t s ,  l i n e s ,  areas, o r  s u r t a c e s  w i r n  
wh ich  s p a t i a l  d a t a  c o n t e n t  a r e  a s s o c i a t e d  (e.g., wea the r  
s t a t i o n s ,  r i v e r s ,  watersheds,  and e l e v a t i o n  mode ls ) .  
S p a t i a l  Data  I n t e g r a t i o n  ( S D I )  - The p rocess  o f  comb in ing  
m u l t i p l e  s p a t i a l  d a t a  s e t s  and p r o v i d i n g  f o r  t h e i r  s ro rage,  
r e t r i e v a l ,  a n a l y s i s ,  and d i s p l a y .  
S p a t i a l  Data  S t r u c t u r e s  - The l o g i c a l  o r g a n i z a t i o n  o f  s p a r i a l  
d a t a  e n t i t i e s  and s p a t i a l  d a t a  c o n t e n t .  
Spec t romete r  - A r a d i o m e t e r  w i t h  a d i s p e r s i v e  e lemen t  (p r i sm,  
g r a t i n g ,  o r  c i r c u l a r  i n t e r f e r e n c e  f i l t e r )  so t h a t  t h e  i n c i d e n t  
r a d i a t i o n  Is measured as a f u n c t i o n  o f  wave length .  
SPOT - S a t e l  I i t 8  P r o b a t o i r e  d t 0 b s e r v a t i o n  de l a  T e r r e  (F rance )  
S tandard  M e t r o p o l i t a n  S t a t i s t i c a l  Area ( S M S A )  - A c o u n t y  or  g roup  
o f  c o n t i g u o u s  c o u n t i e s  t h a t  c o n t a i n  a t  l e a s t  one c l t y  o f  50,000 
i n n a b i t a n t s  o r  more, o r  " t w i n  c i t i e s w  w i t h  a combined 
p o p i i l e t i o n  o f  a t  f e a s t  5 0 , 0 0 0 ,  ! n  a d d ! ? ! a n  t o  the c o u n t y  o r  
c o u n t i e s  c o n t a i n i n g  such a c i t y  o r  c i t i e s ,  c o n t i g u o u s  c o u n t l e s  
a r e  i n c l u d e d  is an SMSA i f ,  a c c o r d i n g  t o  c e r t a i n  c r i t e r i a ,  t h e y  
a r e  s o c i a l l y  or  e c o n o m i c a l l y  i n t e g r a t e d  w i t h  t h e  c e n t r a l  c i t y .  
S u p e r v i s e d  C l a s s i f i c a t i o n  - C l a s s i f i c a t i o n  of  images u s i n g  
s t a t i s t i c s  deve loped from t r a i n i n g  s i t e s .  
Swath Wid th  - The a r e a  on e l t h e r  s i d e  o f  a p l a t f o r m  wh ich  is 
su rveyed  by a remote  s e n s i n g  i ns t rumen t ;  composed o f  many 
( o v e r l a p p i n g )  f o o t p r i n t s .  
Tape - A long, t h i n ,  f l e x i b l e  medium f o r  s t o r i n g  data;  u s u a l l y  
r e f e r s  t o  d i g i t a l  m a g n e t i c  t a p e  on wh ich  d a t a  a r e  s t o r e d  as a . 
s t r i n g  o t  ones and z e r o s  by a l t e r i n g  t h e  m a g n e t i c  domains o f  an 
i r o n  o x i d e  c o a t i n g  on t h e  tape;. l e s s  f r e q u e n t l y  r e f e r s  t o  a n a l o g  
m a g n e t i c  t a p e  or o c c a s i o n a l l y  t o  paper  t a p e  on w h i c h  d a t a  a r e  
s t o r e d  by punch ing  h o l e s  t h r o u g h  t h e  paper .  
Tape D r i v e  - A d e v i c e  used f o r  s t o r i n g  d a t a  on m a g n e t l c  tape.  
Tape d r i v e s  may r e c o r d  up t o  none t r a c k s  of  d a t a  a l o n g  t h e  w i d t h  
o f  a s t a n d a r d  computer  tape.  
TBD - To Be Determined 
TDRSS - T r a c k i n g  and Data  Relay S a t e l l i t e  System 
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Themat ic  Mapper - A h i g h  speed, h i g h  r e s o l u t i o n  m u l t f s p e c t r a l  
scanner  f o r  m o n l t o r l n g  E a r t h  resources ;  p lanned  f o r  Landsat-D. 
TIRS - Thermal I n f r a r e d  Scanner 
TLM - Te lemet ry  
TM - Themat ic  Mapper 
T r a i n i n g  - l n f o r m r n g  t h e  computer  system w h i c h  s i t e  t o  a n a l y z e  
f o r  s p e c t r a l  p r o p e r t i e s  or  s i g n a t u r e s ;  a l s o  c a l l e d  s i g n a t u r e  
e x t r a c i i o n .  
T r a i n i n g  S i t e s  - R e c o g n i z a b l e  a r e a s  on an image w l t n  d i s t i n c t  
( s p e c t r a l )  p r o p e r t i e s  u s e f u l  f o r  I d e n t i f y i n g  o t h e r  s i m i l a r  a reas .  
U-2 - H i g h  a l t i t u d e  ( r e m o t e  s e n s i n g )  a i r c r a t t  
UHF - U l t r a  High Frequency 
UNESCO - U n i t e d  N a t i o n s  E d u c a t i o n a l ,  S c i e n t l t l c  ana C u l t u r a l  
O r g a n l z a t l o n  
Unsuperv l sed  Class1 t l c a t l o n  - Computer c l a s s t  t l c a t l o n  o f  d i g i t a l  
images by p l a c i n g  s i m i l a r  p i x e l s  l n t o  c a t e g o r i e s  w i t h o u t  t h e  a i d  
o f  t r a l n t n g - s i t e  data.  
USLE - U n i v e r s a l  Soi l  Loss  E q u a t i o n  
UTH - U n i v e r s a l  T r a n s v e r s e  M e r c a t o r  ( G r i d )  
UV - U l t r a v i o l e t  
V e c i o r  - A q u a n t i t y  possess ing  b o t h  numer tca l  ( s c a l a r )  v a l u e  and 
d i r e c t i o n .  
VHF - Very High Frequency 
VHRR - Very High R e s o l u t i o n  Rad iometer  
V I C A R  - V ideo l n f o r m a t l o n  Communicat lon and R e t r i e v a l  (JPL 
s o f t w a r e )  
WBTK - Wide-Band Tape Recorder  
WEFAX - Weather F a c s i m i  le 
0 
a 
a 
a 
b 
ZTS - Zoom T r a n s t e r  Scope 
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PROPOSED BUDGET 
P.1.s: J.E. ESTES 
AGENCY: N A S A ,  Supplement t o  NAGW-455 
PERIOD: May 1, 1987 t o  A p r i l  30, 1988 
TITLE; NASA Remote Sensing I n f o r m a t i o n  Sc iences  Research - Code EE Tasks a 
0 
0 
a 
0 
0 
e 
J.E. Es tes ,  P r i n c i p a l  I n v e s t i g a t o r  
1 5mr mo @ 100% @ 6730lro 6,738 
T.R. Smi th,  P r o f e s s o r  
1 smr mo e lOOZ @ 6872Jao 6,872 
J. S t a r ,  Assoc. Dev. Engineer  
2 mos @ 47% e 3536Jro 
b ROS e 50X e 3713lmo 
4 m05 @ 40% @ 3899Jno 
3,324 
11,139 
6,238 
TED, Research A s s i s t a n t  
2 mos e 50% e i734/m0 
i 0  aios @ 50% f! 182l/no 
1 !734 
9,!05 
TBD, S t a f f  Research Assoc I V  
2 Q05 @ 40% @ 2573/.0 
10 mos @ 40X @ 2702/mo 
2 , 0 5 8  
10,808 
TED, S e n i o r  T y p i s t  C l e r k  
2 mos @ 33% @ 1367/ao 
10 mos @ 33% @ 1435/mo 
902 
4,736 
SALARIES TOTAL: 
BENEFITS 
E s t e s  
-------- 
6738 @ ,1199 ( s a r )  808 
Smi th  
6872 @ ,1914 t s a r )  1,315 
S t a r  
14,463 @ -29 (1987) 
6,238 Q a30 (1988) 
4,194 
1,871 
Reseach A s s i s t a n t  
2732 e ,0169 (smr) 
8108 @ ,0135 (vr) 
46 
1 OY c -&- e S t a f f  Res. Assoc.IV 
0 
2,477 
1,297 
BENEFITS T O T A L :  
0 
13,770 
EQUIPHENT --------- 
P a r t i a l  f u n d i n g  f o r  purchase o f  
image p rocess ing  system 
( i n c l u d i n g  t a x )  
EQUIPHENT TOTAL: 
TRAVEL 
One t r i p  f o r  2 people f o r  3 days. Santa Barbara  
------- 
t o  NASA Headquar te rs  and Goddard Space F l i g h t  
Center .  (Washington, D.C. 1 
1 R T  a i r f a r e  f o r  2 p e o p l e  @ $ 980 ea. 
3 days p e r  diem @ t 1 0 0 I d a y  f o r  2 p e o p l e  
Car r e n t a l  and t r a n s p o r t a t i o n  
One t r i p  f o r  2 people t o  n a t i o n a l  meet ing  
1 R T  a i r f a r e  f o r  2 peop le  
3 d.ays p e r  diem B $100/day f o r  2 peop le  
Car r e n t a l  and t r a n s p o r t a t i o n  
R T  Car r e n t a l  t o  NOSC 
One t r i p  f o r  3 people f o r  2 days. Santa 
Barbara  t o  NASAIAmes Research Center ,  
San Jose, CA.  
1 R T  a i r f a r e  f o r  3 peop le  
2 days p e r  diem @ t66Jday  f o r  3 peop le  
Car r e n t a l  and t r a n s p o r t a t i o n  
TRAVEL TOTAL: 
OTHER DIRECT COSTS**  
M a t e r i a l s  and s u p p l i e s  
Repor t  p r e p a r a t i o n / p u b l i c a t i o n  
Computer s e r v i c e s :  
.................... 
15,000 
0 
0 
1,960 
600 
100 
2 , 660 
------- 
1,500 
600 
100 
2,200 
------- 
600 
396 
100 
1,096 
------- 
0 
5,956 
500 
418 
ITEL A S l b ,  V A X  11/780, V A X  11/750, a n d  
Broadband a c c e s s  f e e s .  
Telephone t o l l s  & equipment 
Xerox and l i b r a r y  reprographics  
Photographic and c a r t o g r a p h i c  s u p p l i e s  
Landsat Tapes from EROS & EOSAT 
0 
OTHER COSTS TOTAL: 
2,850 
1,550 
500 
900 
3,000 
9,718 
TOTAL DIRECT COSTS: 108,098 
0 
*++INDIRECT COSTS e 45% of H T D C I  
(on 93,098) 
T O T A L :  
41,894 
*Academic s a l a r i e s  a r e  p r o j e c t e d  t o  i n c r e a s e  b y  5.0% per year f o r  t he  
per iod 7/1 /07  and beyond. S t a f f  s a l a r i e s  a r e  a l s o  p r o j e c t e d  t o  
i n c r e a s e  b y  5.02 per year f o r  t h e  period 7/1/07 and beyond. 
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**Due t o  an i n t e r n a l  recharge  system, monies i n d i c a t e d  under t h e  s a l a r y  
s e c t i o n  may b e  a l l o c a t e d  and s p e n t  from "Other D i r e c t  Costs"  a s  
r e q u i r e d  b y  t h e  system. 
* * * T h i s  is  t h e  DHHS negot ia ted  predetermined on-campus overhead r a t e  f o r  
the  per iod  7/1 /85  t o  bi3OI90. 
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SUMMARY 
John E. Estes and J e f f r e y  L. S ta r  
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Th ls  document represents  a progress r e p o r t  o f  work conauctea 
under g r a n t  NASA NAGW-455 du r ing  the  pe r lod  May 1, 1986 t o  
Januury, 1981. Th ls  document a l s o  b r l e t i y  descr lbes t n e  
d i r e c t i o n s  we propose t o  undertake I n  t h e  comlng year o f  t h l s  
funaamentai and a p p l i e d  research e f t o r t .  
The ln fo rmat lon  System Research Group research cont inues  t o  
focus on tmprovlng t h e  type, quant i ty,  and q u a l i t y  o f  i n fo rma t ion  
which can be de r l ved  from remote ly  sensed data. As we move I n t o  
t h e  coming year of our research, we w l i  I cont inue t o  tocus on 
In fo rma t ion  sc lence research Issues r e l a t e d  t o  t h e  Ear th  
Observing System (EOSI o f  t h e  Space S t a t l o n  Complex. The 
community of EOS users I n  t h e  area of Ear th  Systems Sclence and 
a p p l i c a t i o n s  represents  s c i e n t i s t s  and researchers from many 
d l s c i p l l n e s  worktng on a v a r i e t y  of hardware and so f tware  systems 
a t  e number of geographical l y  d i s t r i b u t e d  l o c a t i o n s  across t n e  
Uni ted Sta tes  and around t h e  globe. Past  research conducted 
unaer t n i s  g r a n t  nas been used t o  extend and expana e x i s t i n g  
remote sensing research a c t l v l t i e s  a t  UCSB I n  t h e  areas of  
georeterenced In fo rmat ion  systems, machine ass i s ted  In fo rma t ion  
e x t r a c t i o n  from image data, a r t i f i c i a l  I n t e l l l g e n c e ,  and 
vege ta t i on  a n a i y s l s  ana modeling. 
The program of research, documented I n  t h l s  progress repor t ,  
I s  be lng c a r r i e d  forward by personnel o f  t h e  U n l v e r s l t y  o f  
C a l l t o r n l a ,  Santa Barbara. Through t h i s  work, we have ta rge ted  
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fundamental research aimed a t  Improv ing our bas i c  understandlng 
o t  t n e  l o i e  o f  In fo rmat ion  systems techno log ies  and a r t i t i c l a l  
i n t e l l i g e n c e  techniques I n  t h e  i n teg ra t i on ,  man lpu la t l on  and 
a n a l y s i s  of remotely sensed data t o r  g l o b a l  
coord inated research program is p o s s i b l e  a t  
combination o f  researchers w i t h  experience 
Severa l  of our  p r o j e c t s  have used t h i s  
t o  a i d  o tne r  NASA o f t i c e s  I n  t h e  research, 
s c a l e  sTudies. Th is  
UCSB due t o  a unfque 
n a1 i these areas. 
g r a n t  as a c a t a l y s t  
n t h e  i n r e g r a t i o n  o t  
remote ly  sensed and o the r  data i n t o  an in fo rmat ion  sciences 
framework. During t h i s  year we have rece lved  a d a l t i o n a l  funds 
from NASA Code E l  t o  supplement ISRG a c t i v i t i e s .  I n  add i t ion ,  we 
have conauctea research f o r  t h e  Un i ted  S ta tes  Geo log ica l  Survey 
on r e l a t e d  mat te rs  and have rece ived  funds from NASA Code E t o  
I OOK quest ions  r e v 0  I v i ng around Browse of I arge spat  i a I dara s e t s  
I n  t h e  EOS Era. 
Grant a c t l v i i i e s  cont inue t o  generate papers I n  reviewed 
j o u r n a l s  and t o  support graduate s tudent  Master's theses and 
d o m o r a l  d i s s e r t a t i o n  research. We f e e l  these a c t i v l r i e s  a r e  
very  impor tant  and we w i l l  con t inue t o  suppor t  s tudent  
researchers and t o  submit m a t e r i a l  for pub1 i c a t i o n  I n  reviewed 
j o u r n a l s  and na t i ona l  and i n t e r n a t i o n a l  symposia. I n  add i t ion ,  
Grant researchers have been, and cont inue t o  be, asKed t o  speak 
on EOS and Space S t a t i o n  r e l a t e d  In fo rmat ion  system research 
across r h e  country  and abroad. 
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It i s  our b e l l e t  t h a t  t h e  work conducted under t n i s  Grant i s  
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s i g n i f i c a n t .  We a r e  making progress as we prepare t o  t a k e  
advantage o f  t h e  tremendous p o t e n t i a l  o f t e r e d  by t h e  Space 
S t a t l o n  Complex i n  general  and t h e  EOS system i n  p a r t i c u l a r .  
Research such as t h i s  ana t h a t  being supported by NASA a i  o i n e r  
u n l v e r s i t l e s  and NASA centers  which make m u l t i d i s c i p l  i n a r y  Ear th  
System Science a r e a l i t y  and f u r t h e r  t h e  a p p l i c a t i o n s  of t h e  
e a r t h  observ lng  s a t e l l i t e  remote sensor systems o f  t h e  1990%. 
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Preliminary Design of a Farm Monitoring 
Geographic Informatlon Systea 
David ci. Stoas 
Pre l lm lnary  Design o f  a Farm Mon i to r ing  
Geographic In format ion System 
The f o l l o w i n g  chapter  i s  a p o r t i o n  o f  t h e  M.A. Thesis o f  Mr.  
David Stoms. Th is  work was funded I n  p a r t  by t h e  c u r r e n t  year's 
funaing, and represents  a proposed design f o r  an In fo rmat ion  
system. Th is  geographic in format ion system w l l  I i n t e g r a t e  
remote ly  sensed imagery, f i e l d  observations, and t n e  l o c a l  
farmer's de ta i  I ed know I edge, as we1 I as concepts from t h e  f i e l  d 
o f  a r t i f i c i a l  I n t e l  I igence. 
Mr.  Stoms cont lnues I n  h i s  graduate work i n  our l abo ra to ry  
a t  t h i s  time, pursu ing t h e  Ph.D. degree. He p l a n s  t o  cont inue 
h i s  e t t o r t s  on tne i n t e g r a t i o n  of geographic i n fo rma t ion  systems, 
remote sensing technology, and a r t i f i c i a l  i n t e l l i g e n c e .  
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ABSTRACT 
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Preliminary Design of 
a Farm Monitoring 
Geographic Information System 
David Michael Stoms 
The objective of this thesis is to improve our understanding of the need for and characteris- 
tics of an image processing/geographic information system (GIS) for monitoring crops on 
individual farms. A GIS is proposed that integrates remotely sensed imagery, field sensor 
data, and farmers’ intimate knowledge of their operations to provide frequent, rapid infor- 
mation. Expert systems would perform some of the image analysis tasks, identify deviations 
from desired conditions, diagnose probable causes of stress, and recommend appropriate 
management responses. 
For effective monitoring, remotely sensed inputs must be frequent, timely, of high spa- 
tial resolution, and with spectral coverage in the visible, near IR, mid IR, and thermal IR 
regions. Four satellite sensor systems (Landsat Th4, SPOT, AGSAT, and the Earth Observ- 
ing System) are identilied IM candidates to provide multispectral data. None, however, 
meets all of the specified requirements. Recommendations are made for modifications to 
each sensor system to make them suitable for farm monitoring applications. 
This research outlines how, by putting remotely sensed data in an information system 
context, it can be made more useful for end-users - not trained in image processing and 
interpretation. Development of this capability would be an important step in the dissemi- 
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nation of remote sensing and GIS technology to a broader range of users. 
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1. INTRODUCTION 
The objective of this thesis is to improve our understanding of the need for and 
characteristics of an image processing/geographic information system (GIS) for monitoring 
crops on individual farms. A GIS is proposed that integrates remotely sensed imagery, field 
sensor data, and farmers’ intimate knowledge of their operations to provide frequent, rapid 
information. Monitoring, as used in this thesis, refers to quantitative and qualitative assess- 
ment of general crop conditions, crop stage and biomass, plant stress, and expected yield. 
Expert systems would perform some of the image analysis tasks, identify deviations from 
desired conditions, diagnose probable causes of stress, and recommend appropriate manage- 
ment responses. This research outlines how, by putting remotely sensed data in an inform& 
tion system context, it can be made more useful for end-users not trained in image process- 
ing and interpretation. Development of this capability would be an important step in the 
dissemination of remote sensing and GIs technology to a broader range of users. 
In the early days of digital civilian remote sensing, it was predicted that farmers 
would be major beneficiaries of this new technology (National Research Council, 1970). 
Data would be available to assist in making farm management decisions concerning such 
activities as irrigation, fertilization, and pest control. Since then, literally hundreds of arti- 
cles have been published about large area applications of remote sensing in agriculture 
(summarized in Bauer, 1985; McDonald, 1984). However, remote sensing technology has not 
yet been applied to the daily management of individual farms. In fact, a recent article 
which details the history of agricultural remote sensing does not even mention farmers 
(McDonald, 1984). 
A number of recent trends in remote sensing hold promise for making commercial 
a 
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farm monitoring applications more feasible (Brammer, 1984). Among these advances are 
the development of 
-powerful, low-cost personal computers and display devices 
-geographic information systems 
-expert systems in remote sensing, image processing, and crop modeling 
-sensors with improved spatial and spectral resolutions, and 
-advanced data communications technology 
Taken in combination, these trends create the potential for a system where individual farm 
managers can do their own automated image analysis on site, without need for centralized 
data processing and analysis. Further supporting this trend -is the current emphasis by the 
Federal government on the commercialization of space, and a renewed interest within 
NASA in applications oriented research. In a recent proposal submitted to NASA for a 
Center for the Commercial Development of Space, commercial red-time farm monitoring 
w d ~  one of the primary research areas (The r?hh Stzte IJaiversity, 1986). 
To date, there are no operational remote sensing systems that can meet farmers’ 
requirements for frequent, real-time crop information. There certainly are no systems avail- 
able that are simple to use by untrained interpreten. In fact, the features comprising a 
farm monitoring remote sensing system have not been clearly defined (Jackson, 1984). 
A geographic information aystem is typically defined as an information system con- 
taining data referenced by spatial location (Estes, 1986). Inputs are usually in map or 
image form, but may also be attributes in tabular form. The first operating system was the 
Canada Geographic Information System (CGIS), implemented in 1964. It’s original purpose 
was to locate marginal agricultural lands (Tomlinson, 1982). Since that time, dozens of sys- 
tems have been developed, but only about ten are commercially available (Estes, 1986). 
0 
- 3 -  
The commercial systems tend to be multipurpose and are not custom-tailored to farm moni- 
I toring. 
Two aspects of a farm management information system are addressed in this thesis: 
1) the elements of a farm monitoring image processing/geographic information 
system, including the role of remote sensing 
2) the capabilities and limitations, within this GIS context, of four candidate 
satellite sensor systems for providing timely crop information 
0 
0 
0 
These two aspects are discussed in Chapters 5 and 6, respectively. The development of a 
prototype GIs, complete with the appropriate agriculture-oriented knowledge-based sys- 
tems, is beyond the scope of this masters thesis research. However, several examples of 0 
monitoring cotton fields are described in Chapter 7. 
To lay the foundation for the analysis, the literature is summarized regarding farmers’ 
need for current crop information (Chapter 2), previous research into agricultural remote 
sensing (Chapter 3), and four candidate remote sensing systems (Chapter 4). The four satel- 
lite systems considered in this thesis are: 
1) TM - the Landsat Thematic Mapper 
2) SPOT - the French-built Systeme Probatoire d’observation de la  Terre 
3) AGSAT - a dedicated agricultural system proposed by a group of commercial 
vendors and professors from Stanford University, and 
4) EOS - the National Aeronautics and Sp&e Administration’s (NASA) Earth 
Observing System consisting of several instruments proposed for a Polar Plat- 
form on the Space Station complex 
These four were selected because they are represintative of existing and proposed systerhs 
that may be suitable for providing farm monitoring data. 
It is assumed in this thesis that a farm monitoring system has practical commercial 
application as a management decision tool. Farmer interest in and cost-effectiveness of such 
0 
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a system is not evaluated. Furthermore, it is assumed that mast farmers are not trained in 
image processing and analysis, which implies that image processing tasks need to be 
automated. I also aasume that the remote sensor systems being evaluated will operate as 
they currently exist or as they are proposed. Thii assumption covers not only the sensor 
package, satellite platform, and spatial, spectral and temporal resolutions, but the ground 
processing facilities as well. However, recommendations will be made in Chapter 8 on 
modifications to the sensor systems to make them suitable for farm monitoring applications. 
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Support f o r  I n te rna t i ona l  Science 
Th is  appendix Is t h e  t e x t  from a proposal t o  NASA 
Headquarters, which was submit ted dur ing t n l s  c o n t r a c t  year. The 
purpose of  t h i s  proposal i s  t o  examine t h e  o p p o r t u n i t i e s  f o r  
c o l l a b o r a t i o n  and t r a i n i n g  I n  t h e  In+ernat ional  community. As a 
focus, we propose t o  work w i t h  the  United Nat ions Environment 
Program o t t  Ices I n  Nairob 1, Kenya and i n  Geneva, Sw i t z e r  I and, 
w i t h  c o l l a b o r a t o r s  a t  NASA's Ear th Resources Laboratory  a t  NSTL. 
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Remote Sensing Research U n i t  
Department o f  Geography 
U n l v e r s i t y  o f  Cat l f o r n l a  
Santa Barbara, Cal I t o r n  I a 931 06 
24 November 1986 
Mr . A I  exander Tuyahov 
Code EED 
N A ~ A  Headquarters 
Washington, D.C. 20546 
Dear Mr. Tuyahov: 
P I ease cons I der t h  I s document an unso I i c i  ted. I e i t e r  proposa i 
from t h e  U n i v e r s l t y  o f  C a l i f o r n i a ,  Santa Barbara, f o r  work I n  
suppor t  ut i n t e r n a i i o n a i  In fo rmat ion  sclence a p p l i c a i l o n s  o f  
s a t e l l i t e  remote sensing technology. The In fo rma t ion  Science 
Research Group ( ISRl j )  a t  t h e  U n l v e r s l t y  o f  Cal i t o r n i a ,  Santa 
Barbara (UCSB) is c u r r e n t l y  conducting advanced research i n  t h e  
In fo rma t ion  sciences area t o r  t h e  Nat ional  Aeronaui ics  ana Space 
Adml n l s t r a t l o n  under two Grants (NAGW-455 and NAGW-987). Under 
these g r a n t s  UCSB researchers a r e  examining a v a r i e t y  o f  image 
process ing database, networklng, and data systems Issues which 
w i i  I impact t h e  e a r t h  sciences i n  the  Space S t a t i o n  era. 
A major focus o f  t h i s  research Is f a c l l i t a t i n g  access t o  a 
#!de v a r ! e t y  o f  reg lona i ,  continenta!, and g!ahs l  sca!e E a r ~ h  
Science r e l a t e d  data sets. Th is  focus perml ts  us t o  prepare f o r  
t h e  a n a l y s i s  o f  Imagery and oiher  aaTa i rom t h e  Ear th  Observa i ion  
System p lanned for t h e  p o l a r  p l a t f o r m  component o f  t h e  Space 
S t a t i o n  Complex. Whl l e  conslderable a t t e n t i o n  is c u r r e n t l y  be ing 
p laced upon access t o  U.S. na t i ona l  datasets  by a number o f  NASA 
centers .ana NASA funded u n i v e r s i t y  research teams, it is our 
f e e l l n g  t h a t  more a t t e n t i o n  t o  e s t a b l i s h i n g  t l e s  t o  i n t e r n a t i o n a l  
data a e p o s i i o r l e s  I s  needed. As such t h l s  document represents  an 
unsol  l c i t e d  proposal  t o  examine t h e  problems and p o t e n t i a l s  
i nhe ren t  I n  l l n k l n g  U.S. i n s t i t u t i o n s  t o  i n t e r n a t i o n a l  
o rgan lza t l ons  which process, malntaln, and d isseminate 
I n i e r n a t  i ona I ana g I oba I Ear th Scl ence data sets. 
S p e c l f l c a l  ly, we a t  UCSB propose t o  work J o i n t l y  w i t h  
personnel  o f  NASA's Ear th  Resources Laboratory, as w e l l  as t n e  
Un i ted  Nat ions  Envlronment Programs Globa l  Resource In fo rmat ion  
(UNEP/GRID) program I n  both Nairobi ,  Kenya and Geneva, 
Sw l t z e r  I and t o  examine t h e  techn ica l  issues and prob I ems o f  
hardware, sottware, data standards, and process1 ng prob I ems 
inhe ren t  I n  t y i n g  U.S. and I n t e r n a t i o n a l  f o r e i g n  da ta  
deposlTor ies i n t o  a t u n c t i o n a l  system which can f a c i l i t a t e  e a r t h  
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s c i e n t l s t s  a t  UCSB and o the r  NASA.a f f l l1a ted  research 
i n s t i i u t t o n s ,  t o  b e t t e r  access t h e  data r e s i d e n t  w i t n i n  tnese 
organ iza t ions .  
UCSB researchers a I ready have exper I ence work I ng w i i n  
UNEP/GRID personnel. Under e x i s t i n g  NASA g ran ts  a t  UCSB we have 
v l s iTea  and obtainea b r i e t i n g s  on t h e  opera t i ona l  StatUS ana 
f u t u r e  p l a n s  o f  t h e  UNEP/GRID program I n  Geneva, Switzer land. 
UCSB personnel are a l s o  funded under NASA Grant NAGW-987 t o  v i s i t  
Na i rob i  where b r i e f i n g s  on UNEP/GRID w i  I I be held.  
con tac ts  w i t h  Geneva UNEP/GRID personnel, they have discussed an 
i n t e r e s t  i n  cooperat ing w i t h  ISRG/UCSB personnel i n  t h i s  e f f o r t .  
I n  our 
One s p e c i t i c  i ssue we would l i k e  t o  adaress IS a need t o  
augment t h e  image process ing and database management and 
man ipu la t ion  capabi I i t l e s  a t  UNEr/GRID Nai rob i .  
e f f i c i e n t  man ipu la t ion  and and t r a n s f e r  o f  data f rom A f r i c a  t o  
UCSB. We b e l i e v e  t h a t  Th is  w i l l  be necessary b e f o r e  meaningful 
a n a l y s i s  o f  t h e  problems w i t h  and p o t e n t i a l  f o r  i n t e r n a t i o n a l  
I inKs w I t h  U.S. research o rgan lza t l ons  can be f u l  ly r e a l  tzed. I n  
t h i s  proposed e f f o r t  UCSB personnel propose t o  coo rd ina te  w i t h  
N A ~ A  Nat iona l  Space Technology Labora to r les  (NSIL) personnel t o  
conduct a p r e l i m i n a r y  a n a l y s i s  o f  t h e  prospects  and problems 
i n v o l v e d  i n  I i nk ing  UNEP/GRID Na i rob i  and Geneva i n i o  U.S. NASA 
r e l a t e d  Ear th  Science research i n s t i t u t i o n s .  T h i s  i n t e r n a t i o n a l  
sca I e ot research, i n v o l  v i ng e I ements o f  data s e t  access, da ia  
standards, networking pro toco ls ,  and so f o r t h  p r o v i d e  a good 
model f o r  t n e  in fo rmat ion  systems now being developed f o r  t n e  EUS 
era. 
T h i s  w i  I I a l  low 
0 
a 
0 
0 
The Globa l  Resource In fo rmat ion  Database (GRID) I s  a new 
I n i t i a t i v e  o f  the Un i ted  Nat ions Environment Program (UNEP) and 
an e I ement o f  the  G I oba I Env i ronmenta I Moni t o r  I ng System (GEMS). 
C u r r e n t l y  f i n i s h i n g  i t s  p i l o t  phase, GRID grew o u t  o f  a need t o  
coord ina te  n l t h i n  a common geographic re fe rence systems, t h e  many 
env i ronmenta l  datasets t h a t  have been and cont inue t o  be 
c o l  i e c i e a  by GEMS o t h e r  UN€P programs and Un i ted  Nat ions  (UN) 
s p e c i a l i z e d  agencies. GRID i s  be ing designed and implemented t o  
env i ronmenta l  and resource assessments. As c u r r e n t l y  s t ructured,  
GR I u has two cOmpu+er processi  ng cen te rs  under UNEP d 1 r e c t  i on: 
GR I D-contro I a t  UNEP Headquarters 1 n Na I rob I ,  Kenya; and GRID- 
processor i n  Geneva, Switzer land. A t  present, t h e  NASA Ear th 
Resources Laboratory i n  M i s s i s s i p p i  i s  t h e  p r i n c i p a l  NASA center  
p r o v i d i n g  techn ica l  suppor t  and eng ineer ing  e x p e r t i s e  t o  GRID. 
0 f a c i l t i a t e  access TO and a n a l y s i s  of these da ta  s e t s  t o r  
GRID-processor I n  Geneva i s  l oca ted  i n  a U n i v e r s i t y  o f  
Geneva r a c i l t i y  p rov ided t o  UNEP a t  no cost. It was designed and 
const ructed s p e c i f i c a l l y  f o r  GRID and t h e  o p e r a t i o n  and 
maintenance of  the t a c i l  I t y  i s  Cont r lbu ted  by t h e  Center of  
Geneva. The f a c i l  i t y  I s  we1 I equipped w i t h  Prime, Pe rk in  Elmer, 
0 
4 
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and ERDAS based data systems and image a n a l y s i s  process ing 
capabi I i t i e s .  GRID-control, Na l rob i  has been e s t a b l i s h e d  w i t h i n  
GEMS o f f  i c e s  i n  UNEP's Headquarters a t  t h e  UN, Gig I r I Comp I ex. 
GRiu-control f unc t i ons  w i t h i n  t h e  a d m i n l s t r a t l v e  con tex t  of . Earthwatch. 
As prev I o u s l  y stated, GRID is cu r ren t1  y i n  i t s  p i  IOT  phase. 
The p i l o t  phase o f  t h e  GRID program has f o u r  pr imary ob jec t i ves .  
These o b j e c t i v e s  are: . 
1 )  t o  aevelop geographic In fo rmat ion  system ( G I s )  
methodologies and procedures f o r  c o n s t r u c t i n g  and 
man ipu la t ing  g loba l  environmental dara Sets t o r  t n e  purpose 
o f  conduct ing environmental assessments. (The con t inen t  of 
A f r i c a  has been se lected as t h e  case study f o r  t h i s  
o b j e c t i v e ) ;  0 
. 
. 
.. 
2) 
G R I D  Is an e f f e c t i v e  t o o l  which combines g l o b a l  and n a t i o n a l  
da ta  s e t s  f o r  resource management ana p lann ing  app l icaT lons  
a t  t h e  na t i ona l  l e v e l .  (The candidate c o u n t r i e s  f o r  these 
demonstrat ions a re  China, Eth iop ia,  Indonesia, Kenya, 
Panama, Peru, Senegal, Sudan, Thai land and Uganda); 
t o  demonstrate That GIs technology as app l i ed  w i t h i n  
3 )  t o  e s t a b l i s h  t h e  .tramework f o r  coopera t ion  and 
data exchange w i t h i n  i n t e r n a t i o n a l  and 
intergovernmental  o rgan iza t ions  which deal w i t h  
env i ronment- re la ted matters, such as FAO, WHO, WMO, 
ICSU, ILCA, IUCN, etc.; and, 
4 )  t o  provide t r a l n l n g  oppOrtuEi?i%S iii GIs and ~ a s a u r c e  
da ta  management technologies employed by GRID t o  t h e  
s c i e n t i s t s  ana resource managers from p a r t l c f p a t i n g  
develop ing count r ies .  
The p i l o t  phase o f  GRID o r i g i n a t e d  as a coopera t i ve  p r o j e c t  
between t h e  GEMS Programme A c t i v i t y  Centre o f  UNEP and t h e  
Nat iona l  Aeronaut lcs and Space Admin fs t ra t ion  (NASA). It grew 
o u t  o t  common i n t e r e s t  o f  t h e  two organizat ions.  UNEP is 
mandated t o  moni tor  and assess t h e  s t a t e  o f  t h e  g l o b a l  
environment on a con t inu ing  basis; NASA i s  one o t  t n e  p r i n c i p l e  
organ I z a t  ions  i nvo I ved 1 n study i ng t h e  I ong-term changes 1 n 
processes t h a t  a f t e c t  l l t e  on The Earth.  From t h i s  beginn ing 
o ther  n a t i o n s  and organ iza t ions  have been brought  I n t o  t h e  
venture  so That GRID has become a t r u l y  i n t e r n a t i o n a l  coopera t i ve  
e f f o r t .  It Is our f e e l  ing  t h a t  It Is now t ime t o  i n c l u d e  t h e  
N A ~ A  r e i a t e a  u n i v e r s i t y  community In  t h i s  e f t o r t .  The research 
proposed h e r e i n  represents  a p r e l l m i n a r y  s tep i n  t h i s  d i r e c t i o n .  
. 
. 
UCSB has been l n v o l  ved i n  a number o f  e f t o r t s  ove r  t n e  pasT i 
years which d i r e c t l y  impact t h e  requirements and o p p o r t u n i t i e s  . .  
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for international dataset production and exploitatlon. In May 
1Y83, NASA's Offlce of University Aftairs slgned a grant 
establishing a Remote Sensing Information Sciences Research Group 
at UCSB. Research conauctea under this ongoing grant has been 
used to extent and expand UCSB's efforts in the areas of 
georeterenced information systems, machrne-asslsied extractlon of 
information from image data, artificial intelligence, and 
moae I i ng. The group's ph I i osoph I ca I emphasis is to Improve tne 
type, quantity, and quality of information which can be derived 
from remotely sensed data. 
0 
Two examples of our eftoris under tnis grant have direct 
re1 evance to the prob I ems of g I obal dataset creation and 
dissemination. In April 1985, we CompleTed a briet siuay which 
consldered the applications of artificial intell igence techniques 
to large distrlbutea networks. We ldentltled a number ot areas 
where such techno1 ogy cou I d prov I de more efficient prob I em 
solving, communications, and data Base creation and sharing than 
conventional techniques (Dubayah, Smith, and Star, 1985). 
Another example of advanced technical appl icatlons lnvol ves 
a fundamental ly new geographic information system, developed 
unaer snared funding from NASA, United States Geologic Survey, 
and Digital Equipment Corp. This new system, KBGIS I I, 
incorporates new developments In data structures, software 
engineerlng, and artificial intel Iigence. The system provides a 
user-conrigurable appllcatlons interface, one-step search for 
complex obJects, and state-of-the-art capabi lities for 
inter I igent search of exceedingly large datasets. Such a system 
would be a natural environment for the manipulatlon and analysis 
of g I oba I -sca I e data. 
UCSB has Just received funding from NASA Headquarters for a 
new effort which also has direct relevance to the development and 
use of global datasets. This new grant (NASA NAGW-987, "Browse 
in the EOS Era") permits to work on the key issues of browse of 
remotely sensed and other ancillary daTa. Earth science and 
relevant technology have developed to a point where a number of 
agencies, including UNEP, are actlvel y considering the 
development of large area datasets. These large, heTerogeneous 
spatial data Iloldlngs requlre new insights in daTabase management 
and processing, to be able to serve a wide range of 
geographical ly distributed users. Our work under tnis new grant 
wi I I incl ude developlng a set of functions that permit a user to 
examine remote uatabases, to be able to make an inTel I igent 
decision on when these databases contain useful material for a 
varlety of difterent processing and analysis functions. 
There is an internatfonal need to improve access to global 
data sets tor NASA and NASA-related researchers borh in tne 
Unlted States and abroad. The UNEP/GRID activity Is a source o f  
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such data, of  growfng s l g n l f l c a n c e  t o  bo th  research and 
opera t i ona l  agencles. It Is Important That we beg ln  t o  
f a c l l l t a t e  I n t e r a c t i o n s  t o  assess t h e  problems and prospects f o r  
connect ing I n t o  t h i s  Impor tant  source o f  g l o b a l  datasets. The 
m a t e r l a l  which f o l  lows presents our  methodology and research 
requlrements t o r  beginn ing t h i s  Important Task. 
METHODOLOGY 
1 Ana lys l s  o f  e x l s t l n g  systems I n  Geneva and Nai rob l .  
I n  our contac ts  w i t h  s t a f f  a t  GRID% Geneva f a c l l l t y  and 
NSlL personnel, under NASA Grant NAGW-455, we have examined and 
dfscussed t h e  pr lmary func t l ons  requ i red  a t  UNEP/GRID Nal rob i .  
We w l i  I determine whether s u f t r c l e n t  hardware i s  a v a i  i a b l e  I n  
Na I rob I ,  and adv 1 se them on necessary s t a f  f deve I opment. 
2 Determlnat ion o f  requlrements t o r  system augmentation a t  
Geneva, Nal rob 1,  and Santa Barbara. 
One o f  t h e  p r l n c l p a l  cons t ra in t s  o f  new systems a-r these 
l o c a t i o n  i s  compat ib l  I l t y  w i t h  e x l s t l n g  hardware and sof tware a t  
p r l n c l p a l  NASA and UNEP/GRID f a c l  I i t i es .  We W I  I I cont inue our . 
ana I y s l  s J o i  n t  I y w I t h  s t a f f  a t  NSTL, NASA Headquarters, and 
' UNtP/GRlU Geneva. 
3 Subjec t  t o  funding, purchase requl red hardware and software. 
4 I n s t a  I I and 1 n teg ra te  new capab I I I t l e s  
Our col i a b o r a t o r s  a t  NSTL have de+aiied exper ience i n  t h e  
s p e c l f  i c  hardware and sof tware envlronment I n s t a l  I ed a t  GRID 
Geneva. The i r  s p e c l f l c  par t iC lpa t lOn I n  t h i s  proposed e t t o r t  
w l l l  I n c l u d e  acceptance t e s t s  o f  the equlpment a t  t h e  sh lpp lng 
locat ion.  NSTL has a l s o  agreed t o  sh ip  t h e  equlpment To Nal rob i ,  
as we1 I as p r o v i d e  s t a f f  t ime and t r a v e l  f o r  I n s t a l  l a t l o n  and 
ma I ntenance dur I ng t h e  c o n t r a c t  year. 
5 Conduct p l l o t  t e s t s  o f  data t r a n s f e r  t o  document t h e  
capabl I I t l e S  o f  t h e  new components. 
-'UCSB personnel w l  I I t r a v e l '  t o  Na l rob i  t o  beg ln  s t a f f  
development and T r a l n l n g  I n  both image process lng and geographic 
l n fo rma t lon  systems technology. We w l  I I a l s o  p r o v l d e  t r a l n l n g  
m a t e r i a l  I n  these areas, f o r  use a t  UNEP/GRID Na i rob l .  Th is  
t r a i n l n g  m a t e r l a l  wl I I Inc lude  b o t h  read ing  m a t e r l a l s  and sample 
datasets. The sample datasets w l i i  be chosen a t t e r  d lscuss lons 
w i t h  our c o l l a b o r a t o r s  a t  NSTL and UNEP/GRID, and can form a 
bas i s  f o r  t u t u r e  s t a t f  development and t r a l n l n g  courses. 
6 Prepare f l n a l  r e p o r t  and subm 
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Based on these meetlngs, as well  as dlscusslons wlth our 
otner cot I aborators and technlca I monitors, we w I I I beg1 n 
pre I iml nary ana I ys 1 s of the prob I ems and prospects lnvo I ved in 
ettlclently linking these alfterent organizations. This anaiysls 
wlll result In a report, detalllng the  analysls and the suggested 
alternatives fo r  efticlently moving dara between the laboratories 
at NSTL, Geneva, Nairobi, and Santa Barbara. 
DEL I VERABLES 
UCSB wlil purchase an appropriate computer system, based on 
requirements and constraints identifled by ourselves and 
co I I aborators at NSTL, NASA Headquarters, and UNEP/GR I D. 
Shlpment and lnstallatlon of this system will be provided by 
NASA's Earth Resources Laboratory, NSTL. Trai n i ng In the 
operatlon and appl lcations of this system wl I I be undertaken 
Jolnt I y by NASA and UCSB staff. 
UCSB w l l  I provide a final report of our activttles wttn 
respect to thls grant. This w I I I detal I our meetlngs durlng the 
project, our anal ysls of the ut I I iry of the computer In Nalrob f ,  
and tentatlve plans for future collaboration and support 
actlv lries for the ettectlve dlssemlnation of NASA-developed 
technology to the developing countrles now belng assisted by the 
UNtr/GRIU program. 
We look forward to the opportunltes which this grant can 
provide, If fundlng becomes aval table. 
Pr sTrrk f. John E. Ester 
De artment of Geography 4 
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Browse I n  t h e  EOS E r a  
John E. E s t e s  and Jeffrey L. Star 
e 
Browse I n  t h e  EOS t r a  
Th is  appendix I s  t h e  t e x t  from a proposal t o  NASA 
Headquarters, which was submit ted dur ing t h i s  c o n t r a c t  year. 
The f i r s t  year o f  t h i s  proposal has been funded, and we have j u s t  
s t a r t e d  what we hope t o  be a t h r e e  t o  tour  year e t t o r t .  Our work 
under t h i s  new e f f o r t  f o r  NASA i n te r faces  w e l l  w i t h  our Office o f  
U n i v e r s i t y  A f f a i r s  grant. The Browse program Is designed t o  
p r o v i d e  us w i t h  experience i n  problems which w i l l  become more 
a c m e  i n  tne i lmetrarne o f  t h e  EOS plat torm. Under t n e  Browse 
program, we w 1 I I develop a testbed, i n  whfch we w I I I examine some 
o f  t h e  problems o f  geographical  l y  d i s t r i b u t e d  archives,  ana t n e  
problem o f  determining t h e  s c i e n t i f i c  v a l u e  o f  remote ly  sensed 
data loca ted  a t  a remote archive.  
e 
e 
Browse i n  t h e  EOS t r a  
.- - . .  
ABSTRACT 
The In fo rma t ion  Science Research Group, U n i v e r s i i y  of Cal i to rn ia ,  
Santa Barbara, proposes t o  supp lement t h e i r  e x i s t i n g  Nationa.1 
Aeronaut lcs  and Space Admin i s t ra t i on  grant ,  number NASA NAGw-453, t o  
conduct b a s i c  and a p p l i e d  research on browse i n  t h e  EOS era. The 
newest ana mosi impor tan t  l n i t i a i r v e s  I n  t n e  U.S. c i v i l  Ian space 
program r e v o l v e  around t h e  Space S t a t i o n  Complex. From t h e  p e r s p e c t i v e  
o f  s c i e n i i s i s  s iudy ing  t h e  dynamic c o u p l l n g  o f  t n e  i i tnosphere, 
biosphere, hydrosphere, and atmosphere, t h e  most impor tan t  component o f  
t h e  Space S t a t i o n  Complex I s  t h e  Earth Observing System (EOS). 
Data volumes p r o j e c t e d  f o r  EOS a r e  ex t reme ly  high. The h i g h  data 
volumes, coup led  w i i n  t n e  geographtcal l y  d l s i r i b u t e d  n a i u r e  o t  t n e  EOS 
user community, c a l l s  f o r  i n n o v a t i v e  research  on access t o  EOS data. 
I t  i s  most impor tap t  TO be ab I e t o  browse EOS d a t a s e i s  ana se I e c i  on I y 
t h a t  p o r t i o n  o f  t h e  da ta  r e l e v a n t  t o  a g i v e n  research  problem. 
T h i s  u n s o l i c i t e d  proposal  develops a tnree-year  phased research 
program. Our program i s  aimed a t  the development o f  a robust,  w e l l -  
s t r u c i u r e d  system f o r  browse, ab I e t o  suppor t  users o f  d l  t t e r e n t  I eve I s 
of soph 1 s t  i c a t  i on. 
There a r e  two pr imary  func t ions  imbedded i n  t n e  tes tbed  we propose 
t o  develop:  l o c a t i n g  r e l e v a n t  data, and v iew ing  t h e  data. We w l  I I 
emphasize t h e  l a t t e r  i n  our  proposed e f r o r t s .  L o c a i i n g  da ia  i n v o l  ves 
f o u r  genera l  types o f  i n fo rma t ion  about t h e  data: s p a t i a l  l oca t i on ,  
i n f o r m a t i o n  about t h e  da ta  object ,  themes o f  coverage, ana InformaTion 
about access t o  t h e  da ta  i t s e l  f. We w i I I r e 1  y i n  p a r t  on ongoing 
etrot-Ts i n  t h i s  general  area, i n c l  udlng those aT NSSCC; and t n e  NASA 
P i  l o t  Data Systems. The second funct ion,  v iew ing  t h e  data, i n c l  udes a t  
1 eas t  t n r e e  t eve 1 s o f  access: v iew ing t h e  daTa i f s e  i T ,  v I ew i ng 
a t t r i b u t e s  of the  data, and v iewing  i n f o r m a t i o n  d e r i v e d  from t h e  data. 
Dur i ng  t h e  f i r s t  year o f  t h i s  proposed e f  f o r t ,  we w i I I no1 d 
’ meet ings of s e l e c t e d  s c i e n t i f i c  users, conduct f u n c t i o n  t e s t s  and 
system development, and we w l  I I begin c o l  l a b o r a t l o n s  w i t n  oTher daTa 
a r c h i v e  s i t es .  Resu I t s  o f  these a c t i v i t i e s  w i  1 I be documented i n  
progress and a n n u a l / f l n a l  repor ts ,  ana i n  t n e  rev iewed l i t e r a t u r e .  
I n  conclus ion,  t h e  concept of EOS as an i n fo rma t ion  system i s  an 
impor tan t  p h i l o s o p h i c a l  d i r e c t i o n  f o r  t h e  program. EOS w i  I I 
s i g n i f i c a n t l y  advance our  understanding o f  our g l o b a l  system, as data 
I s  p r o v i d e d  t o  s c i e n t i s T s  i n  many d i s c i p l i n e s  around t n e  wor ld.  Browse 
o f  da tase ts  i s  a key element i n  f a c i l i t a t i n g  s c i e n t i f i c  access t o  EOS 
daTa. 
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INTRODUCTION 
T h l s  documenr represents  an u n s o l i c i t e d  proposal  f o r  a supplemenr 
t o  Na t iona l  Aeronautics and Space A d m i n i s t r a t i o n  (NASA) Grant Number 
NASA NAGW-455 t o  conduct bas i c  and a p p l i e d  research on key issues 
r e l a t e d  t o  browse o f  €OS and r e l a t e d  anc i  I l a r y  da ta  by 
i n T e r d i s c i p l  lnary sc ience users. I n  May, 1983, t h e  o f f l c e  o f  
U n i v e r s i t y  A f f a i r s  o f  t h e  Nat iona l  Aeronaut ics  and Space Admin i s t ra t i on  
(NASA) s igned a g r a n t  esTab I i s h  1 ng a Remore Sensi ng I nf ormat I on Sci ence 
Research conaucred under t n i s  g r a m  cont inues  today and i s  aimed aT 
improv ing t h e  type, q u a n t i t y  and q u a l i t y  o f  i n f o r m a t i o n  which can be 
d e r l v e d  from remo-rely sensed data. 
a p p l i e d  research conducted under t h e  auspices of t h i s  g ran t  has begun 
t o  tocus on r n e  in,formarlon science research  need of t h e  E a r r h  
Observ i ng System. 
Research Group a t  t h e  U n i v e r s i t y  o f  C a l i f o r n i a ,  Santa Barbara (UCSB). e 
- 
Dur ing  t n e  pas1 year, t h e  b a s i c  ana 
As t n e  world's p o p u l a t i o n  expanas, t h e r e  i s  an eve r  inc reas ing  
need f o r  systems and techniques capable o f  acqu i r ing ,  i n teg ra t i ng ,  
communicating ana a n a l y z i n g  in formarron concern ing t n e  extent,  use ot 
and change I n  major  components o f  t h e  ear th 's  surface. NASA i s  p l a y i n g  
a key r o l e  i n  the  aevelopmenr o f  such systems ana c a p a b i l i t i e s .  T h i s  
r o l e  r e q u i r e s  t h a t  f o r s i g h t e d  fundamental and a p p l i e d  research be 
d i rec rea  towards t h e  s c i e n r i t l c  a p p l i c a r r o n  of techno log ies  which can 
improve t h e  base upon which assessments may be made o f  both t h e  c u r r e n t  
ana changing s ta tus  of t h e  components o f  t h e  Diosphere, hydroshere, 
l i t h o s p h e r e  and atmosphere. 
The proposed Ear rh  Observing System (EOSI can p l a y  an ImporTanT 
r o l e  I n  improving our  understanding o f  t h e  s p a t i a l  and temporal 
dynamlcs ot major components o f  our g l o b a l  l i t e  suppor t  system. EOS, 
as de f ined by the Science and Miss ion  Requlrements Working Group (NASA, 
1Y84a) cons is t s  o f :  Ira s u i t e  o f  Insr ruments i n  low Ear th  o r b i t  
a c q u i r i n g  measurements of t h e  Earth's atmosphere, surface, and 
I n r e r i o r ,  an in fo rmar ion  system t o  supporr  s c i e n r i r l c  research, and a 
v igorous  program of s c i e n t i f i c  research s t r e s s i n g  s tudy o f  g l o b a l - s c a l e  
processes t h a t  shape ana i n f  I uence t h e  Ear rn  as a sysTemtr. EOS Is 
being designed t o  produce l a r g e  volumes o f  m u l t i s p e c t r a l ,  mu1 t i t e m p o r a l  
data f o r  mu I ti -d i sc i p I I nary i nvesT I g a t  i ons. 
cons ide ra t i on  of  t h e  €OS program then, i s  t h e  development o f  an 
In f rasTrucTure and mechanisms t o  speed d e l i v e r y  o f  dara from EOS t o  t n e  
sc ience community. A key aspect o f  t h e  c a p a b i l i t y  i s  t h e  development 
of a mechanism to i nsu re  t h a t  i nvesT iga to rs  a r e  n o r  deluged w i t n  
unnecessary or redundant data. A mechanism which can a i d  i n  m in im iz ing  
the poTentiar o f  t h i s  happening i s  t o  deve lop  ways ana means to perm i t  
s c i e n t i s t s  t o  browse EOS data and s e l e c t  o n l y  those data most 
approp r ia te  t o  t h e i r  research. 
An i mportanr 
The unsol l c i t e d  proposal whtch fol lows descr ibes  a . t n ree  year 
phased research e f f o r t  t o  address t h e  ques t i on  of browse i n  t h e  EOS 
t i m e  rrame. Although a th ree  year e f t o r T  i s  proposed, we a r e  aT 
0 
e 
a 
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present requesting supplement of our existing NASA grant (NASA NAGW - 
453) for the first year of this eftort. Funding for tne secona ana 
third years will be requested later, and we understand that such 
funalng is conringent upon botn tne pertormance of the research ana 
funding availability. 
After This Introductlon, a background sectlon describes rne need 
for the EOS system and its importance to global science. This is 
fol lowed by a conceptual framework for tne proposed research on tne 
question of browse. 
descripTions of our proposed three year-phased research etrorT. 
conclusion section is next, followed by-the budget for this effort. 
ViTa ot key project personnel and descriptions of facil ltles ana 
equipment at UCSB are also included. 
ettort, Is attached at the end of this document. 
This section includes approaches to the study and 
A 
An appendix, describfng a related 
It should be emphasized that this research will take advantage of 
tne already extensive interdisciplinary contacts ana research on Space 
Station and EOS related activltles currently belng conducted at UCSB. 
UCSB researchers are working directly in tne area of land, climare and 
oceanographic research. In addition, we are cooperating with and/or 
working on research for the U.S. Geological Survey and tne Research 
Libraries Group !see eppe.n.d?x! ~n t n p l c s  related to improving the 
scientitrc utiliry of spatial data, Final Iy, the research etrorT 
proposed herein wi l l  gain maximum benefit from membership on important 
data system actlvities committees and working groups on tne part of 
project scientists. These committees and working groups include: the 
Commirtee on Data Management and Computarion; the Space Station Data 
User Working Group; EOS Data Systems Panel; Pilot Land Data System 
Seierice Steering Group; Research Library Group Task Force on Geo- 
Information; and the Task Force on Scientific Uses of Space Station 
EarTn Science Panel. Membership ana partlcipaiion in tnese etrorTs 
wi I I continue to provide insight as the research we propose moves 
a forward. 
BACKGROUND 
Earth science and associated techno1 ogy development have 
progressed to a point where tne conduct of global science appears 
feasible (Estes and Star, 1986). This scientific and technological 
devel opment has been caused, In part, by the emergence of prob I ems . 
which require a multidiscipl lnary approach (NASA, 1984a). 
reach an improved Understanding of problems such as as deforestation, 
dessertification, changes in atmospheric carbon dioxide, and acid 
deposl-rion (to name a few) grows more lmportant w i t h  each passing year. 
The understanding of these problems, however, requires new approaches 
to science, which combine multidisciplinary teams employing advanced 
technologies which can generate a type, quantity and qual ity of data 
nor prev ious I y avai I ab I e t o  tne scienri r ic community. The proposed 
Earth Observing System (EOS) currently being planned for the polar- 
orbiting plattorm of the United StaTes Space Station complex ofrers 
T h e  need to 
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this potential. 
(I 
The newesT and most impOrtanT initiatives in the U.S. clvi I tan 
space progam current1 y revol ve around the Space Station Complex. 
Space Station complex includes the core sration, its associated co- ana 
polar orbiting platforms and information systems. This proposed suite 
ot platrorms ana support systems ofters a unique potential for 
facilitating long term scientific investigations on a truly global 
scale. 
The 
Basically, the man-tended systems which are proposed for tne 
various Space Station Complex platforms have the capability of 
providing a wide range of dara trom born operational and research 
sensors. I These I acge vo I umes of mu I ti spectra I, m u  I ti tempora I data, 
which will be generated by the proposed systems, must be supporied by  
efficient and effective information systems to provide the potential 
for dara continuity which has, to a large degree, been lacKing from 
sensor systems ooperating on independent free flying platforms. The 
cha i i enge to the remote sensing communiry Is, in essence, two-fol d. 
The first challenge is to get ready to handle the large volumes of data 
wnich w1 i I become avai iable in the 19YO time trame. The second 
chal lenge is to bring the science and technology we are developing to 
broader constliuency, in the service of global science (Esres ana Star, 
1986). 
From the perspective of scientisrs sruaying tne earTh'S surface 
and atmosphere, the most important component of the Space Station 
complex is the Earth Observing System (EOSI (NASA, 1984a; NASA, 1984b). 
EOS, based on the current design concept, has both active and passive 
eartn surtace imaging systems as well as atmospheric sounding systems. 
EOS represents an evolutionary step in our capabilities for remote 
sensing of the earth. When Implemented, EOS may provide tne eartn, 
' ocean, and atmospheric science communlties with data to support 
unprecedenred integrated investigations among disciplines and 
sclentists from many nations. Unlike the previous generation of 
satel i Ires, designed largely for relatively I imlted constituencies 
(e.g., Landsat for the land scientist, Seasat for the oceanographic 
communrry), EOS has tne porentlal to provide an inTegrated source of 
information which recognizes the problems an d  issues which involve the 
dynamic coup1 Ing between the oceans, land surtace and tne aTmosphere. 
In the same way that EOS represents an evol ution in earth v Iew'ing 
satel I ire technology, we bel ieve that tne scienrlrtc objectives which 
EOS may he1 p to advance can produce an evol utionary improvement in our 
unaersiand i ng of our p I anet. Tradi t lona I branches ot tne earth 
sciences have, in the past, generally focused on problems whlch are 
I imlTed in scope to modesi areas and to reiaTively narrow ranges ot 
biophysical, geochemical and socioeconomic processes. Traditional 
science has been llmited by  the capabil lites of exisring technologies 
to measure, map, monitor, and model key el ements of these processes. 
EOS daiaseis H I  I I be ab I e to expana our capab I i iti es in tnese areas, 
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and wil I facll Itate new scfentlflc insights concerning the world we 
live In. 
EOS has the potential to fosier expanaed collaboration wltnin tne 
scientific community towards lnterdlscipl inary science on an 
internati ona I sca I e. Yet, 1 t we are to f u I I y emp I oy the potenti a I of 
EOS it must be done wlthIn an informatlon systems context, linking 
scientists together with botn required facllltles and each orner. Such 
an approach can improve the global science community's access both to 
daia sources and processing capabllrties. Global science is a dara- 
Intenslve activity and In Its broadest sense, EOS, as an informatlon 
system, can provlde a tool for Improved understanding of our planet 
(NASA, 1984a). There are, however, a number of unanswered questions 
concerning the operational and commercial uses of the sensor systems on 
po I at p I atforms. 
Central to these questlons Is science access to tne daTa trom tne 
EOS systems. Indeed a key recommendation of the EOS Science Mission 
Requirements Working Group I S  the development, as soon as posslble, of 
"a data system that provides easy, integrated, and complete access to 
past, prestent and future datan. Data volumes projected for tne EuS 
system are high. EOS Synthetic Aperature Radar (SARI and High 
Resolution Imaging Spectrometer (HlRlS) data rates are projected 
between 700 and 800 megabits per second. Dally data rates of one 
terabyte per aay have been suggested. To 1 1  lustrate tnis size more 
dramatical ly, one terabyte Is a shelf of floppy disks roughly seven and 
one-hat t m i  I es long, or a 400 square foot room of 1600 BPI tapes. 
The real challenge to the internat!onal sc?ence community I n  
genera i , and NASA I n  particui ar, Is T h e  devei o p m e n T  of tne 
infrastructure to facilitate the operation of the EOS Information 
System. Scientists must be able t o  achieve rapid access to needed 
Judge i t s  potentrar uti I ity for a glven investigatlon is a critical 
need. The material which fol lows, then, represents an unsol icited 
proposal for a three year phased applied research efrort to snay 
important issues related to browsing remotely sensed anci I I ary data 
seis ot lnteresi to tuture EOS science users. 
' data. The ab1 I ity to browse data and efficiently and effectively pre- 
CONCEPTUAL FRAMEWORK. 
The stated goal of the EUS Data and Information system, is V o  
meet the challenges of EOS mlsslon operations, data transport, 
processing ana ata managemeni, in addition to tne challenges of access 
to information and data not under direct control of EOS or even NASA" 
(NASA, 19SbI. This requires tne deve I opment ot a geograph ica I I y 
distributed information system capable of ha n d l i n g  the large volumes 
of data which EOS wi I I produce. 
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It i s  an t i c ipa ted  t h a t  by t h e  199O's, l o c a l  process ing 
capabi I i i i e s  combined w i t h  ne-rwork technol .ogies w i  i i a1 iow such a 
s p a t i a l l y  d i s t r i b u t e d  system t o  become a . r e a I i t y .  A key o b j e c t i v e  o f  
t h e  EOS in fo rmat ion  System I S  t o  p r o v i d e  l o c a l  and remoie i n i e r a c t l v e  
access t o  a v a r i e t y  of capab i l  I t i e s ,  data sets, and resources. With 
data loads pro jec ted  as h igh  as one t e r a b y t e  per day, t n e  a b i l i t y  t o  
browse datasets p r i o r  t o  r e t r i e v a l  must be an impor tan t  f u n c t i o n  f o r  
t h e  EOS In fo rmat ion  system. Cur ren t  es i ima tes  o f  t n e  need fo r  such a 
browse c a p a b i l i t y ,  o f  t h e  t ype  we propose t o  i nves t i ga te ,  ranges 
between 1500 and 15,000 users (NASA 19~61.  
0 
Because of t h e  l a r g e  data volume which can be generated by EOS, - 
coup I ed w i t n  user requirements t o r  anc i  I I a ry  da ta  f o r  t e s t  s i  i e s  around 
t h e  globe, u s e r - f r i e n d l y  human i n t e r f a c e s  t o  t h e  i n fo rma t ion  system are 
necessary. Users w i l l  r e q u i r e  a v a r i e t y  of k i n d s  o f  ass ls iance t o  be 
po ten t  i a i 1 mportance. Know I edgeab I e users may have de ia  I i ed i n f  ormaT I on 
about data sets, arch ives,  and process ing c a p a b i l i t i e s ;  these users may 
p r e r e r  a terse, s t reaml ined  i n t e r t a c e  t o  t h e  system. Less 
knowledgeable and in f requen t  users of t h e  system may r e q u i r e  more 
de ta i  I ed on-I ine user assistance, i n c l u d i n g  he1 p f a c i  I i t i e s  ana menu- 
d r i v e n  fnterfaces. Such users may r e q u i r e  d e t a i l e d  i n fo rma t ion  about 
data s e t  c h a r a c t e r i s t i c s  such as sensor parameters, and in fo rma t ion  
such as spec t ra l ,  temporal  and geographic c h a r a c t e r i s t i c s  o f  a v a i l a b l e  
datasets  - born f o r  EOS-produced da ta  and impor tan t  a n c i l  l a r y  daia. 
ab I e t o  f i n d  po ten t i  a I I y r e 1  evant  data resources, and e v a l  uate t h e i r  0 
0 
These requirements i n d i c a t e  t h e  need f o r  a robust ,  we1 I - s t r u c t u r e d  
system, a b l e  t o  nand le  users o f  d i t t e r e n t  l e v e l s  o f  e x p e r t i s e  about 
both EOS sensonrs and t h e  data system i t s e l f ,  as w e l l  as users f rom a 
range of d i s c i p  I i nes. The abi  I i t y  t o  browse da ia  s e i s  w I I I be c e n t r a l  
t o  t h e  needs of bo th  advanced and less -soph is t i ca ted  users. 
BROWSE 
There are  two f u n c i i o n s  t o  examine when cons ide r ing  a system a b l e  
t o  browse d i s t r i b u t e d  i n fo rma t ion  sources. F i r s t ,  a f u t u r e  EOS 
In fo rmat ion  System must p r o v l d e  f a c i l i t i e s  t o  l o c a l e  da ia  wnich i s  
p o t e n t i a l  l y  o f  i n t e r e s t .  Th is  i nc ludes  b o t h  i d e n t i f y i n g  a r c h i v e s  o r  
r e p o r i t o r l e s  where t h e  data may be s iored,  as w e l l  as s e l e c t l n g  t n e  
r e l e v a n t  i tems from w i t h i n  the' a r c h i v e  based on approp r ia te  geographic 
I ocai ion,  sensor charac ter  I s t i c s ,  etc. Second, we must be ab I e t o  v iew 
e i t h e r  t h e  data i t s e l  f, or r e 1  evant  aspects  o f  t h e  data set. 
emphasize t h e  l a t t e r  f u n c t i o n  i n  our proposed tes tbed  developmeni. 
We w 1 1 I 
Data arch ives  ana r e p o s i t o r i e s  th roughout  t n e  s c i e n t i r l c  communiry 
are beginning t o  understand how t o  make da ta  eas i  I y a v a i  I ab I e to users. 
One of t h e  f i r s i  steps Is t o  prepare da ta  d g l ,  which a r e  
0 
0 
a 
a 
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essential I y I Ists of the avai lab le datasets which are kept In the 
archive. This 1s Sometimes cal led meTadata: daTa about tne aaTa. Such 
metadata i s  often kept In a data base management system (DBMS), to 
permit easy access to the COntentS of the daTabase, as well as 
manipulation of the directory to flnd relevant material. 
Important eftorts at InTertaces to large data collections are 
beginning through several agencies, includlng NSSDC, the NASA Data 
P i  IOT programs, USGS, EOSAI, spot, ana the Research Libraries Group. 
In para1 le1 with these development efforts, we are seeking provate 
founaation tunaing to automaTe a dlrectory to tne UCSB Ma p  and Imagery 
Col lection - a Col lection of approxlmately 3.2 m i  I I ion image and 
300#000 maps. We propose to use the resu I ts of, tnese new devel opments, 
collaborating with these research and development efforts where our 
statt expertise w i )  I be he1 pful. . 
There are tour general types of information we wou 
able to consider when looklng for a specific element of 
are: 
d I ike to be 
data. These 
- locator: 
geodetic coordlnates that spec1 ty the area of InTerest. For 
locations on the earth's surface, a latiiuaeiiongiiuae pair i s  The 
most universally unaerstood coordinate system. Auxiliary 
coordinate systems, such as the Landsat path/row system, should be 
1 nc I uded where appropr i ate. 
the center of an object; more useful would be a series of (x,y) 
I ocations for the ooundary. 
M 1 n imum usetu I i nf ormarl on wou I d be 
- object: 
properties of the aata object ItseIr. Thls includes a unique 
standard descriptor (i.e., scene ID, map name), date the data was 
compl led or acquired, ana an Indication of data qual ity. 
- themes of  coverage: 
for a multispectral sensor, this might include the speclricaTions 
of the spectra I bands ( I .e, bandw i dth and center passband 
wavelength); for a derived product, this might be tne algoritnm, 
. or the resulting classif i'cation (i.e, transformed vegetation 
Index, or sol I moisture). 
- access: 
the location of the data itsel r# as we1 I as means to acqu 
view the data. This would also include information about 
dara rormat. 
re or 
the 
An example of a directory to hold information abou+ remoTely-sensed 
data might look I ike the fol lowing: 
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This kind of organization of information about the daTa holdings 
suggests a relational database structure. In particular, we should 
emphasize that each field in this datasei could be the sTart ot a 
search for data, 
locaiion of a test site, or by specitying a range of dares, or a 
combination of sensor and data quality. Full boolean operations on the 
data t I e l-ds+.musT- De poss i b I e. 
For example, we could begin by specifying the ground 
a. 
There are sy2tems that already Contain this kind of meiadaia. 
Commercial DBMS's may be a good start towards bui I ding a usefu I 
capab i I I iy for the sclenti t ic commun ity. It is unreasonab I e to expect 
that existing data col lections wl I I necessarti ly place their data 
eiiner within a future Earth Observing lnformatlon System (EOIS), or 
obey some not-yet-determlned standards for interface to the EOIS. Two 
issues Immediately confront a porential user: gaining access to 
distributed directories, and working with these distributed directories 
as It they were homogeneous. 
For this proposed work, It is important t o  sTay aware ot NAsA's 
near-term and med I um-term network i ng p I ans ( i.e., PSCN). We be I i eve 
that access to distributed directories and caialogs can be dealt w i n  
at several I eve1 s. For scientists with frequent need to access the 
systems, dedicated attachments to NASA's networks may be appropr late. 
For those In the community with less-frequent needs, dial-up and batch 
access faci I rfies may meet their requirements inexpensively. We 
propose to provide a free telephone number (800 or WATS service) to our 
facil iries for our col laborators In this project, to exercise tnis low- 
cost option for prov iding service. 
Any number of InsTitutions are working towards on-line query of 
cata I ogs and data d i rectories ( 1 .e., UCSB Map and imagery Laboratory, 
NSSDL', EOSAT, USGS, SPOI). It Is not reasonable to expect that a given 
user understand the detai Is of working with a large number of separate 
data directory Systems. For spair a1 data, we bel ieve tnat, whi le the 
exp I icit syntax of data base queries w i I I vary between systems, the 
unaerlylng semantics are quite restricted. This presents an 
opportunity for a browse facility to appear to be homogeneous to an end 
user, where In fact the databases are distributed around tne country, 
and there are different database query languages involved. 
Approaches that should be STuaied include: 
developing a standard for data catalog and directory query 
developing software to ConverT daia caTalog ana directory queries 
1 - 
2 - 
0 
0 
0 
0 
a 
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to and from a specified set of query languages 
3 - construciing a ceniral catalog/direcTory node on a network, which 
routes querles to appropriate databases and translates between 
query I anguages 
4 - developing transportable sottware to run on local processors for 
network routing and query trans1 ation 
5 - automated assistance to eftlciently decompose complex queries to 
minimize search and network costs 
6 - automated asslstance to make the system friend1 y and eit icieni to _ _ _  
a wide range of users 
Once relevant aata seis nave been locaied tnrough tne mechanisms 
above, the user must have some capability to examine the data. 
slmple forms of examlnaTlon may be built inio tne directories described 
above. For examp I e, data qual I ty may be one of the f le I ds in the data 
direciory. A usetul distinction can be made between daia kepi on1 ine 
for some period of tlme, in comparison to offline materials that would 
requ I re some operator act I on before v i ew I ng i s poss I b I e ( I .e., mount 1 ng 
a Tape or opiicai disk, d u p l  icating a she& of mici-uiiciia;. 
Some 
We can struciure.'thg viewing of data inio tnree levels: 
1 - viewing the data itself. Thls may involve making a portion of 
the aata avai I able to the user Y !a on-l ine merhods, or pre- 
computed browse products may be made r--&'-- U U I  I:IUI I -. y I - . . -  i a ~ ~ k i  as l a n d s a t  
m I crof orm browse images today). 
data dlrectory (as in the digltai daia qualiiy), or possliy In an 
image header (ephemer Is data, for examp I e). 
3 - vlewlng derived data. This ranges from informailon derived from 
the data values (such as mean and variance of specified spectral 
banas), to more sophisticated derived products (such as daia 
rectified to some map projection, or a transformation of the data 
according to some model).' Usetul derived daia tor one discipl ine 
may not be particularly useful to others; the meetings we propose 
In the first year wi I I he1 p us to idenii ty tne needs and desi res 
of the NASA and NASA-related science communlties in this area. 
Wh i  ie the needs of operational (e.g., NOAA) ana commercial (e.g., 
EOSAT, SPOT) users are important, we feel that focusing on the 
neeas of the diverse NASA science community wli I provide an 
approprlate test of the system for this proposed effort. 
. 2 - viewing data attributes. This may involve Information In the 
Once the user nas IdenTiTiea the desired characterlsTlcs of tne 
data to be viewed, there are a number of specific questions that arise. 
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We propose t o  address Severa l  of these du r ing  t h e  f i r s t  year of t h i s  
e t t o r t ,  I n  con junc t ion  W i t n  t h e  user's meetlngs we propose. These 
quest ions i nc I ude: 
1 - a r e  the re  some s e t  of v lewab le  p roduc ts  t n a t  migh t  e iTner  be pre- 
computed and stored, o r  where dedicated hardware migh t  speed 
t n e i r  e x t r a c t l o n ?  
2 - f o r  d i t t e r e n t  d l s c i p l  IneS, a r e  t h e r e  da ia  t rans fo rma t ions  t n a t  
migh t  be a p p l  l e d  t o  t h e  v lewab le  data t h a t  enhance t h e  data's 
vat ue? 
3 - what l e v e l  o f  da ta  compression m igh t  be appl  l e d - t o  t n e  daTa, 
ba lanc ing  data r e s o l u t i o n ,  time, network costs, pre-processing 
COSTS, and l o c a l  data r e c o n s t r u c t i o n  COSTS? 
a re  there  r e l ' a t l v e l y  standard hardware c o n f i g u r a t i o n s  t h a t  t h e  
browse system must support  aT v a r l o u s  l e v e l s  o f  pertormance? 
4 - 
5 - are  there  s p e c i f i e d  data formats a l ready  a v a i l a b l e  f o r  t h e  data 
t h a t  must De passed between systems? 
6 - what l e v e l s  o f  s e r v l c e s  can be p rov ided  to users w i t h  d i f f e r e n t  
I eve I s o f  soph i StI cat1  on and da ta  process i  ng hardware? 
For a f i r s t  l e v e l  analys is ,  we a n t i c i p a t e  p r o v i d i n g  d i f f e r e n t  
l e v e l s  of  se rv i ce  based on aT l e a s t  3 d i t t e r e n t  k inds  o f  hardware a i  a 
user s i t e :  
1 - dumb alphanumeric te rm lna l  
2 - smart a lpha t e r m i n a l  w i t h  known v i d e o  a t t r i b u t e s  and 
3 - graphics works ta t i on  addressab I e cursor  
1 - lDumbl te rmlna l  query of t h e  daiabase. 
Mlnlmum hardware - almost  any dumb te rm ina l ,  hardcopy o r  soft.  
Commana-dr 1 ven SQL- I 1 ke i nTerac t i  ve  sess I on: 
0 
e 
e 
2 - Terminal  query w i t h  smart prompts. 
Minimum hardware - alphanumeric t e r m i n a l  w i t n  cursor  adaressing 
prompted query language: 
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a 
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e 
0 
0 
e 
e 
0 
The screen might  p resent  a menu of t h i s  form, ana t n e  user can move a 
highlight around t h e  screen to s e l e c t  items. 
h igh1 ighted,--a p u l  I -down screen hF$ ps prompt fo r  reasonable answers: 
When an i tem i s  
-- 
..................................................... 
I FIND ( ANYTHING WHEKE ( LOCAilON I 
I ( MAP ( DATE I 
I ( IMAGE ( SOUKCt ! 
I ( DIGITAL DATA ( DATA QUALITY 1 
I ==>> ( SCALE < < = = I  
I 
I 
I 
I 
1 I SCALE OPTIONS: I I 
I 1: l  ouu uuu I- 
f 1 :  250 000 I 
! 1 t 1 0 0  uuu I 
1 1:  62 500 I 
I 1: 24 5uO I 
I p lease  e n t e r  I 
I y o u r  r e q u e s i ;  1 
1 < & > a r e  I 
I permitred. I 
f 1 
------------------  
_-------------_- .-----~--------- 
------------------  
’ 
And o f  course, p u l  I-down menus should be a v a i l a b l e  a t  any t ime  fo r  
he1 p. We emphasize t h a t  menus can be a he1 p to a I ess-exper lenced 
user, and a burden t o  an expert.  User i n t e r f a c e s  must p r o v i d e  bo th  
f r 1 end I y8 eng I 1 sh- I anguage menu-l eve  I ass I sTance to some users, ana an 
e f f  i c i e n t ,  t e r s e  mode o f  access t o  others.  
3 - Graphics te rm lna l  
Here, t h e  smart prompting may be combined w l t n  a base map d i s p l a y  
and i n t e r a c t i v e  graph ics  t o  s e l e c t  geographic r e g i o n s  o f  i n t e r e s t .  
Local  i n t e l l i g e n c e  i n  t h e  graphics t e r m i n a l  can h e l p  d r i v e  t n e  sysTem, 
m in lm lz ing  network t r a f f i c  and response time. 
The base map d i s p l a y  musi be capab le  o f  zoom/roam, w i i n  r e a l - t l m e  
r e p o r t i n g  o f  t h e  I a t i  tude/ I ongl tude o f  t h e  cursor.  and any s e l  ec ted  
r e g i o n  o f  i n te res t .  The user nas t h e  o p i i o n  o f  h i g h l i g h t i n g  t n e  
e f f e c t i v e  ground l o c a t i o n  of any obJect  t h a t  i s  r e t r l e v e d  from t h e  
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database . 
For example, using the smart menu above, the user coul d narrow 
the search to sensors with specfied spectral bands, as we1 I as a - 
specit led range of IFOV. Next, the user cal is u p  a base map of tne 
u.S., zooms into Central Cal tfornia, and paints a round area of 
lnierest by Specifying the dimension of the region. The system 
derives the appropriate latitude/ longitude window of interest from the 
displayed graphics, and starts The search. Cenierpoinis (or 
optionally, outer boundaries) of the retrieved records are plotted on 
tne base map display. 
representation of a particular object, and get a screen display that 
tel I s about that parti cu I ar object. 
The user can then high1 ight tne graphic 
Opt ions to CO'nT t n u 8  narrow i ng the search, change tne parameiers 
of interest, and let search parameters be based on other searches 
("f Ina  me a map that corresponds to tne I asi image you found for me111 
need to be included. 
These views of the operation of an iniegraied browse sysiem are 
only a framework. 
users i n  difterent discipl ines, as we1 I as in conjunction wi i n  tnose 
institutions developlng data catalogs (for example, NSSDC and 
NOAA/NtSDIS) and directories. I n  this way, we can adapi our 
development efforts to take advantage of efforts (such as the NASA 
Data Pilot developmenr activitles) that are leading towards EOS ana 
the EOIS I n  the 1990's. 
We believe that we must work I n  conjunction with 
WORK PLAN 
We view our efforts as a part of a three-year period of basic and 
applied research and developrneni. Whi le this propsal discusses our 
concept for the three year phased effort, we have proposed a budget for 
on t y the f I rst year. 
contingent on both our performance and the availability of funding. 
We understand tnat to1 I ow-on funding is 
Year 1 provides us witn necessary user Input, while developing 
tool s for the community at I ar.ge. 
deve I opmenT ef torts, as we I I as consi deration of advanced techno1 ogy 
approaches where appropriate. Year 3 includes implementation and . 
testing of a pilot browse system for a designaied group of users. 
out1 ine the three years i n  brief i n  the fol lowing paragraphs; our 
budge1 in tnis proposal covers only the tirsi year. We aniicipaTe tnat 
the second year w i I I require somewhat higher I evel s of funding that the 
flrsi year, wifn requesied expenditures during tne tnird year aT firsT 
year I evel S. 
Year 2 beg i n s  the princl pa I 
We 
0 
0 
a 
a 
a 
a 
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usec W3eti- we propose to convene TWO meetings of se i  ected 
scientlflc users (from NASA laboratories as well as the University of 
Michigan, University Of Wisconsin, and Purdue University, among oTners) 
and staff from potential data Set repositories and archives (JPL/Ocean 
Data System, NSSDC, PLDS, EOIS, NOAA). The t I rsT meeting w i I I, in 
part, set an agenda for the second, larger meetlng. In conjunction with 
represeniatlves, this planning meeting will idenitty key issues and develop 
position papers which will form the basis for discusslon at the later 
meeting. The purposes of the larger meeting are to identity SUDSeTS 
of the needs of users I n  different dlsciplines, and identify the nature 
ana range of services that may be avai iable from 'agencies wiin major 
data holdings in the near-term as well as In the Space Station Era. We 
also propose To sqnd one Senior Staft member to tne lnrernational 
Symposium on Remote Sensing of the Environment In Nairobi. This 
conterence is sponsored in pari by the United Nations EnvironmenT 
Program, and an excel lent opportunity to make contact with the 
inrernational community, to acertatn and undersTand tneir in-rerests in 
browsing I arge geographic datasets. 
Emdhn Isi and Development ; A variety of generic functions 
are necessary to a browse system. In the first year, we wl I I begln to 
d e v e l o p  and test these func+!ong, u s ? n g  rn !  ! o a g ~ e s  h n ~ n  ! n  NA.5.A ; r n ~  
w I th NASA-f unded research interests as "c I ients". Th I s i nvo I ves 
developing a test bed configurarion, accesslble to outside users (via 
NASA networks if available, as we1 I as dial-up 800 WATS service). 
Tests invol ve data compression, data display, graphics inTertace 
proceedures, and data format and communications standards. 
WJaboration yith Other Sites; In part as a result of tne user 
meetlng, we hope to formal ize col laboratlon with other users working 
* 
in sImi  tar areas, as we1 I as witn sTatt in agencies witn signirican-r 
data holdings. These collaborations must include shared software 
development and testing, dataser exchange, and bench tesrs ot 
developed user aids and software components. 
itiate EhmIng far F u t u  Develooments: Towards tne end ot 
first year, we w I I I develop detai I ed p I ans for the second year's 
research eftorts, O U T I  ined bel ow. 
discussions with Headquarters and other NASA personnel on future 
Project dellverables. 
In adaltion, we wl I I begin 
tne 
u Software Peve I oDments : Software to be ab1 to brow e 
data catalogs and directories from remote sites. 
to v iew data stored at remofe sites. 
conversion. 
Software to be able 
Software for daTa query I anguage 
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- ExDloration pf Jdva.a3d Technolo= Considerat ion,  and where 
appropr i ate, deve I opment of spec 1 t i c a t l  ons f o r  advanced techno I ogy 
(such as a r t l f  I c l  a I 1 n t e  1 1 lgence techniques)  f o r  t h e  t e s t  bed. 
Func t ions  t n a t  m igh t  benet lT  tram t h i s  i n c l u d e  da ta  compression, query 
decomposltfon and t r a n s l a t i o n ,  d i s t r i b u t e d  problem so lv ing ,  network 
opera t  i o n  and management, ana data formaT c o n v e r s i  on. 
Users M e e t i V L  - Based on those c o l l a b o r a t i o n s  begun i n  t h e  f i r s t  
year, monl t o r  t h e  e f  t ec t i veness  of  t o o l  s and techniques devel  opea i n  
t h e  e a r l y  phases of t h e  program. - - - __ -'-*e A. 
Testbed v a l u a t i o n  t Prov ide  access t o  s p e c i t l e d  d isTr ibuTed 
datasets  frornFthe testbed, as we1 I as access t o  t h e  tes tbed by 
s p e c i t i e d  users o f f s i t e .  E v a l u a t e  t h e  pertormance o f  t h e  system, I n  
terms of meeting user requirements I n  t h e  near-term as w e l l  as i n  terms 
o f  developmenis i n  NASA's network f a c i l i t i e s  and i n  t h e  EoS system 
i t s e l  f . 
YearZ 
I n  t h e  f i n a l  year o f  t h i s  proposed e f t o r t ,  we w i t  I cont inue t n e  
work begun i n  t h e  f i r s t  two years, and i n t e g r a t e  advanced techno logy  
developmenTs l n t o  t h e  testbed. I n  p a r t i c u l a r ,  we w i  i I cont Inue our 
examination of NASA Data P i  l o t s  and ln fo rma t lon  systems. We w i  I 1  make 
recommenaations t o  NASA headquarters on l n i e g r a t i o n  o f  t h e  r e s u l t s  o t  
our work i n t o  ongolng data p i l o t  a c t i v l t i e s .  Fur ther ,  I n  t h i s  f i n a l  
year we w i  I I p r o v l d e  software, ana a s s i s i  so f tware  development f o r  
s p e c i f i e d  users and agencies p r o v i d i n g  data. F i n a l l y ,  we w i l  I make our 
tes tbed  system ava i  i ab I e t o  our cot  I abora to rs  o v e r  a network, f o r  f ina i 
system t e s t  and e v a l  uat ion.  
PROPOSED PROJECT DEL I Y ERABLES 
There are seve ra l  products t o  be p r o v i d e d  as a p a r t  o f  t h i s  
proposed research e f t o n .  A semiannual p rogress  and annual o r  f i n a l  
r e p o r t  w i  I I descr ibe t h e  bu I k of our  e f f o r t s .  The semiannual progress 
r e p o r t  w I i i Inc I ude d iscuss ions  of work accomp I ished t o  daie, Summaries 
of user experiences w i t h  t h e  tes tbed system, and d iscuss ions  of work 
ana a budget t o r  t h e  to1  I ow ing  year. 
rev iewed Journal  a r t i c l e s  coming from t h i s  research  e f f o r t .  The f i n a l  
r e p o r t  w i  I I Inc lude d iscuss ions  of  a1 I ?ne work accomp I ished du r ing  +ne 
per iod  o f  the  grant.  
deve I oped under t h i s  proposa I w i I I be made a v a i  I ab I e t o  t o  t h e  sponsor. 
A I  so 1nc.l uded w 1 I I be copies of 
Add i t i ona l  I y ,  cop ies  o f  so f tware  and r e l e v a n T  documenTation 
a 
0 
a 
0 
0 
a 
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CONCLUS I ONS . . 
The chai tenge before NASA and the inTernaTional sclentitic 
community Is to contlnue to develop both the infrastructure and 
expertise which wilt insure tnat the EOS Information System works 
properly. 
technology of remote Sensing. Thts Includes research on improved 
communlcatlons and advanced processlng techniques, to natural language 
InTertaces and advanced sclentitic works~ations, as we1 i as new sensor 
technology. The proposed research effort on browse of EOS and 
ancl i rary$lta embodies, to some extent, al I of these, In adaltion, 
the work-to be performed In this proposed research effort provldes a 
bridge to the science community. This bridge, It ettectlvel y bul it, 
wl I I provfde a pathway whlch can speed our progress towards global 
science and an Improved unaerstandfng of the dynamic of our global lite 
support systems. Thfs improved understandlng is the cornerstone, the 
true goal of the EOS system. 
On the one hand, we must contlnue to develop the sclence and 
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